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2. COUPLING AND NOISE PREDICTION SCHEME

��� �
��� ��#����� ��� ���!� � ����"��� !����� �! �&������� ������"#���' %�"�  ��� ���� "�

��# ����

Far–Field 
Microphone 
Locations

Centerbody

Rotor Stator

�� �� ��

�� �� ��

� � � ��������� 
�����

����� ������ ��������

������ ������ ��������

����� ��������� ��� ���������

x

Nacelle

��������� ��	� �������� ��� 	���� 
��������� ������

��� ��� !"��� �! ��$���� �' "� �� ��"� ���� �����! ��"� ��# ���#!"�� ������"! �����"�  �"� � !"�"� � ���
��((���� �"�"� $��"� � �� �! �� "� �� !��"���!� ��� ��� ��� ��� %��!� !" #�"# � �! �� "� �! �� �����
�����"#��! �!�� ��� ���� � �� �� � ���� ��"����� ��# �� $��"� � �� ��! "�� !��� !" #�"# �� � �!
� �!� ���� ���  �!�������� �� �&������ "� "�� �#"�#" �� � !"�"� �#� "�  �"� %��� ���#" �� ��
#���#���� ��$� �����"� ��� � �! "� �� ��#�� �! � �#��"��� ��� �' !��$��� "�� ����� !'!"�� ��#�"���!�

	�#����� �� "�� ������"! �" "�� ��"� ���� �����! �! !�������� �� "� �! �� "�� !��""� ��� ��" �&� �� %����
�! �#��" #� � �� �����  �����"��� ��� " ��!��!!��� ����������"!� �� ������!�� �� �� "�� !'!"��
��#�"���! � �  �� �!��"�� �'

�� ��� � ���

%���� �! "� !�' "��" "�� !"�"� $��"� ������"! � � "�� !#� �� "�� �� "! � �� !��""� ���� ��� ��� �� ��"�'
� �� "�� !�# ��� �� ���!� ��#�"���! � � !��$�� �� ����' �'

�� ��� ��
��
� ���
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�  2453'#/ #0& &180453'#/ 2312#)#5+0) 4160& 218'3 .'7'.4 #3' %1/265'& (31/ � 10 #
/1&'�$9�/1&' $#4+4� �18'3 +4 %#.%6.#5'& ,645 62453'#/ #0& ,645 &180453'#/ 1( 5*' 01+4'
4163%' �&'(+0'& +0 �+)63'�� $9 +05'3(#%' 2.#0' 	 62453'#/� #0& +05'3(#%' 2.#0' � &180453'#/��

� �654+&' (#3�(+'.& &+3'%5+7+59 +4 %1/265'& (31/ 5*' '.'/'054 1( �� �0 5*+4 %#4'� (#3�(+'.&
&+3'%5+7+59 4*#2'4 #3' %1/265'& $9 5*' 3#&+#5+10 %1&'4 8+5* 60+5 #/2.+56&' +0265 #0& 4513'&
#4 2#35 1( 5*' #%1645+% 2312'35+'4 (+.'4� �*'4' &+3'%5+7+5+'4 #3' 5*'0 /6.5+2.+'& $9 � 51 )'5 5*'
(#3�(+'.& 4160& 23'4463' .'7'. &+3'%5+7+59�

��#�� �!'34+10 	��� %104+454 1( 5*' (1..18+0) %1/265'3 %1&'4�

� � ��� �#0 �1+4' �162.+0) �1&' !'34+10 
�	 ��'('3'0%' 
�

� �� ����� �1513 "#-'��5#513 �05'3#%5+10 �1&' !'34+10 
� ��'('3'0%' ��

� �7'34/#0 �0.'5 �#&+#5+10 %1&' !'34+10 ��� ��'('3'0%'4 �� � ��

� �7'34/#0 �(5 �#&+#5+10 %1&' !'34+10 ��	 ��'('3'0%'4 � �� ��

� �"���� �����'#463'& "#-' �145231%'4413 !'34+10 	�� ��'('3'0%' ��
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3. GENERAL ORGANIZATION OF TFaNS

�)& /2(".*:"4*/. /' ��"�� *3 *,,5342"4&% *. �*(52&��� �)*3 '*(52& *%&.4*'*&3 4)& $/%&3 7)*$) $/-02*3&
4)& 3934&- ".% )/7 4)&9 *.4&2"$4 7*4) &"$) /4)&2�

CUP3D

Inlet Radiation Rotor Stator Aft Radiation

Fan Noise Coupling Code

Far Field Directivities Power Levels

Eversman
Inlet Radiation Code

SOURCE3D
Rotor W ake/Stator Interaction Code

Eversman
Aft Radiation Code


�',*+"�
�)'(�)+"�* �"$�


�',*+"�
�)'(�)+"�* �"$�


�',*+"�
�)'(�)+"�* �"$�


�',*+"�
�)'(�)+"�* �"$�

�.*+�% �"$�

AWAKEN
CFD/Measured Wake Postprocessor


�',*+"�
��#���,)�,$�&��

�"$�
������� �&(,+ �"$�

�-"+! ��� ') ���*,)�� ��#�*�

�" ,)���	 �) �&"/�+"'& '� ����� ��)*"'& ���

�)& $&.42", 0/24*/. /' 4)& 3934&- *3 4)& ����� �". �/*3& �/50,*.( �/%&� �)*3 $/%& 2&"%3 �$/534*$
�2/0&24*&3 �*,&3 7)*$) $/.4"*. 3$"44&2*.( �42".3-*33*/. ".% 2&',&$4*/.� $/&''*$*&.43 '2/- /4)&2 $/%&3
",/.( 7*4) '"2�'*&,% %*2&$4*6*49 3)"0&3 ".% 3/52$& 6&$4/2 *.'/2-"4*/. �&�(� ./*3& '2/- 2/4/2
7"+&�34"4/2 *.4&2"$4*/.�� �)*3 *.'/2-"4*/. *3 53&% 4/ '/2- " 3934&- /' ,*.&"2 &15"4*/.3 7)*$) 0&2-*4
"$/534*$ &,&-&.43 4/ 2&',&$4 ".% 42".3-*4 4/ &"$) /4)&2� � �934&- �*,& *3 ",3/ *.054 7)*$) %&4&2-*.&3
4)& /2(".*:"4*/. /' 4)& "$/534*$ &,&-&.43� �54054 '2/- 4)*3 $/%& *.$,5%&3 '"2�'*&,% %*2&$4*6*4*&3 ",/.(
7*4) *.,&4 ".% "'4 0/7&2 ,&6&,3�

�)& �������� �/4/2 !"+&��4"4/2 �.4&2"$4*/. �/%& *3 " 3*(.*'*$".4,9 &84&.%&% ".% *-02/6&%
6&23*/. /' 4)&  �
 �/4/2 !"+&��4"4/2 �.4&2"$4*/. �/%& ��&'&2&.$& 	� 4/ 	��� �4 )"3 47/ '5.$4*/.3
7*4)*. ��"��� '*234,9� *4 $",$5,"4&3 4/.& ./*3& '2/- " 2/4/2 7"+&���� *.4&2"$4*/. ".%� 3&$/.%,9� *4
%&4&2-*.&3 4)& 3$"44&2*.( $/&''*$*&.43 '/2 4)& 2/4/2 ".% 34"4/2 4)&. /540543 4)&- 4/ 2/4/2 ".% 34"4/2
"$/534*$ 02/0&24*&3 '*,&3 ��*(52&��� '/2 53& #9 ������ �)*3 $/%& $". 53& ��� /2 -&"352&% 7"+&3
02/$&33&% 4)2/5() 4)& �!���� �����&"352&% !"+& �/3402/$&33/2 �"3 3)/7. *. �*(52&���� /2 *4
$". 53& *43 /7. *.4&2.", 3&-*�&-0*2*$", 7"+& -/%&, �"3 *3 53&% '/2 4)*3 2&0/24��

�)& �!���� �����&"352&% !"+& �/3402/$&33/2 $2&"4&3 " �������� *.054 '*,& 7)*$) $/.4"*.3
507"3) 7"+& )"2-/.*$ "-0,*45%&3 $",$5,"4&% '2/-��� 02&%*$4*/.3 /2 -&"352&% 6&,/$*49 %"4"� ���
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!$ ���%'$�� (��!��&* � �!$��&�! �% !�&�� �� �$!� &�� 	�!'%&�� ������'$�'�� �� ���� )���� �$�
�� �$�&�� ��&��$ �* � ��� �!�� �!$ "!%&"$!��%%!$� !$ �'$� � � � �� ��$�� &�%& "$!�$��� ���% �!��
�%  !& ��� � '%�� � &�� �(��'�&�! !� &�� %*%&�� �& &��% &���� %� �� �&% ��(��!"�� & � � �(��'�&�! �$�
��� � �! � ' ��$ � �����$� & �! &$��&�

��� (�$%�� � ��& � � ��& $����&�! �!��% �'%& �� $' �� ��$������ ��$��&�(�&��% �$� $�#'�$��� ���%�
�!��% �!�"$�%� &�$�� +�!�'��%�� ��� ��$%& �!�'�� �$��&�% � �� �&� ����� & ��%� �!$ &�� ����'��&�! �
��� %��! ��!�'�� ����'��&�% &�� "!&� &��� %&���* ��!) '%� � ���&�!�)���� ��(���% &�� "$!���� � &!
&�$�� %�"�$�&� "!&� &��� ��!) "$!����%� ���% ����% �& "!%%���� &! $' &�� "!&� &��� %&���* ��!)�!�'��
! �� �!$ � ��(�  ������ ��!��&$* )�&�!'& � !)����� !� &�� �'�& ��!) �! ��&�! %� �� ���* � $����&�! 
�!�'��� �!������ &! � &�$���� )�&� ������ %'"�$��"!%�% &�� "!&� &��� %&���* ��!) %!�'&�! % �!$ �
��(� %�& !� �'�& ��!) �! ��&�! % � � ����'��&�% &�� ��$ ����� $����&�! � � %��&&�$� � �!������� &% �!$
� %"�������  '���$ !� ����� "�%%� � �$�#'� �* �
��� ��$�! ��% ! � �!����*��!�� ��%�%�



8

4. SOUND POWER LEVEL EVALUATION OF TFaNS

!92 +)20)64-)5 %4) 75)( 62 )8%/7%6) 6,-5 ()5-+1 5;56)0�

� �7//�5'%/) )1+-1) (%6%�34)(-'6-21 '203%4-5215 %4) (-5'755)( *-456� !,)5) (%6% '244)5321( 62
6,25) 76-/-<)( -1 �)*)4)1') 
	 %1( ):%0-1)5 6,) %&-/-6; 2* !�%� 62 02()/ 6,) 42624�56%624
'273/-1+ 342&/)0� �24 6,)5) '%5)5� 21/; 42624�56%624 '273/-1+ -5 3)4*240)( %1( 21/; 5271( 329)4
/)8)/ '203%4-5215 9-6, (%6% %4) 0%()� !,) -1/)6 %1( 6,) 12<</) %4) 126 -1'/7()( -1 6,)5)
'%/'7/%6-215�

� !,) 5)'21( +)20)64; -5 6,%6 2* 6,) ��� ��� 4-+ ���
� !,-5 
� &/%()� � 8%1) 02()/ -5 % /29)4
6-3 53))( '21*-+74%6-21 9,)4) 42624�56%624 '273/-1+ 9%5 126 ):3)'6)( 62 &) -03246%16� �24 6,-5
'%5)� �'2756-' �423)46-)5 *-/)5 %4) +)1)4%6)( *24 6,) -1/)6� 42624� 56%624� %1( 12<</)� �273/-1+ -5
6,)1 (21) 75-1+ % 170&)4 2* '20&-1%6-215 2* 6,)5) %'2756-' )/)0)165 %1( 6,) 4)57/65 %4)
(-5'755)(�  271( 329)4 /)8)/ 34)(-'6-215 *24 6,-5 4-+ %4) 34)5)16)( -1 6,-5 5)'6-21� �%4�*-)/(
(-4)'6-8-6; '203%4-5215 9-6, (%6% %4) 34)5)16)( -1  )'6-21 ��

�24 &26, 2* 6,)5) +)20)64-)5 6,) 5)0-�)03-4-'%/ 9%.) 02()/ -1  �"����� -5 75)( 9-6, 9%.)
'244)/%6-215 *420�)*)4)1') 
�� �26) 6,%6 *24 &26, 2* 6,)5) +)20)64-)5 6,) *%1 9%.)�'2034)5524 -1/)6
+7-() 8%1) ���#� -16)4%'6-21 12-5) 5274') 9%5 126 34)(-'6)(� !,-5 12-5) 5274') -5 ):3)'6)( 62
'2164-&76) 62 -1/)6 ���� %1( ���� -1 6,) *7// 5'%/) )1+-1)� �6 -5 126 %16-'-3%6)( 62 &) -03246%16 62 6,)
��� ��� 4-+ (7) 62 6,) %:-%/ (-56%1') &)69))1 6,) *%1 %1( 6,) '2034)5524 ��#�

�24 6,-5 )8%/7%6-21�  )'6-215 �
 %1( �� 9-// (-5'755 (%6% 8)4575 34)(-'6-21 '203%4-5215 *24 8%4-275
/)8)/5 2* '273/-1+ 2* 6,) -1/)6� 42624� 56%624� %1( 12<</)� %5 6,); %33/; 62 6,) )1+-1) 24 4-+ '21*-+74%6-21�
$,-/) 2&5)48%6-215 9-// &) +-8)1� 12 '21'/75-215 *420 6,)5) 2&5)48%6-215 9-// &) (-5'755)( 716-/
 )'6-21 ���  )'6-21 �� 9-// 6,)1 34)5)16 3255-&/) 4)%5215 9,; '2() 4)57/65 %4) %5 5,291�  )'6-21 �
9-// 6,)1 5,29 520) 5;56)0 ):3)4-0)165 -16)1()( 62 -03428) 6,) 34)(-'6-215 9,)4) 1))()(�

�/52 *24 6,-5 (-5'755-21 9) 75) 6,) 126%6-21� � � �� � ��� 9,)4)�

� � 
��
���������� ���� ����� ����� � �� �������� �� ��� ����
���� � ����� ��������
� � �������
 � 	���� ������� ������
�
� � ���	�� � 	�����
� � ��� ������� ����� �� � � � ��
� � ���	�� � �����

4.1 EVALUATION  WITH FULL SCALE ENGINE DA TA

�1 6,-5 5)'6-21� 6,) )**)'65 2* 42624�56%624 '273/-1+ %4) )8%/7%6)( 75-1+ 6,) *7// 5'%/) )1+-1)
'21*-+74%6-215 *420 �)*)4)1') 
	� �'2756-'%//; 64)%6)( (%6% *24 6,)5) '21*-+74%6-215 9)4) 5,291
)%4/-)4 -1 �-+74)�� *24 6,4)) 8%1)�&/%() 4%6-25� �%4(9%// )1+-1) (%6% %4) %8%-/%&/) *24 6,) /29)56 %1(
,-+,)56 8%1)�&/%() 4%6-2 '21*-+74%6-215 �8%1)�&/%() 4%6-25 � 
�� %1( ���� 4)53)'6-8)/;� -1 6,-5 *-+74)
%1( 9-// &) '203%4)( 9-6, 34)(-'6-215� �2 ,%4(9%// )1+-1) (%6% %4) %8%-/%&/) *24 6,) 0-((/)
8%1)�&/%() 4%6-2�

�5 9%5 56%6)( 34)8-275/;� 6,)5) *7// 5'%/) )1+-1) '21*-+74%6-215 (-53/%; 6,) 9%8) 4)*/)'6-21�02()
64%33-1+ &),%8-24 (-5'755)( -1 �)*)4)1')5 
 %1( 
	� !,) (%6% 9)4) 6%.)1 %6 %1 276(224 6)56 56%1(9-6,
%1 -1*/29 '21642/ ()8-') 75-1+ 56%1(%4( 6)56 342')(74)5�

!,)  �"����� 42624 9%.)�56%624 -16)4%'6-21 '2() 9%5 75)( 62 34)(-'6 6,) 42624 %1( 56%624 12-5)�
!,) �"��� *%1 12-5) '273/-1+ '2() 9%5 6,)1 471 62 '273/) 6,)5) )/)0)165 %5570-1+ 121�4)*/)'6-1+
&271(%4; '21(-6-215 73564)%0 2* 6,) *%1 %1( (291564)%0 2* 6,) ���#� �273/)( *%1 9%.)����#
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/39+7')9/43 57+*/)9/438 <+7+ 2'*+ ,47 9.+ 5479/43 4, 9.+ 45+7'9/3- 1/3+ <.+7+ 9.+ ,'3 7+1'9/;+ �').
3:2(+78 :8+* (> 9.+ )4*+ 7+2'/3+* 8:(843/) )438/89+39 </9. 9.+ 7+6:/7+2+398 4, "�$!����	
!4947
89'947 )4:51+* 57+*/)9/438 /3)1:*+* 841/* (4*> 8</71 '3* ,14< 9:73/3- ,47 9.+ ')4:89/)
)'1):1'9/438 '8 *+8)7/(+* /3 !+,+7+3)+ �	

"+5'7'9+ :3)4:51+* 74947 <'0+
89'947 /39+7')9/43 34/8+ 57+*/)9/438 <+7+ '184 2'*+ </9.4:9 841/*
(4*> 8</71 )438/89+39 </9. 9.+ 47/-/3'1 %�� )4*+ �!+,+7+3)+8 �� 94 ���	 �47 9.+ :3)4:51+*
57+*/)9/438� 9.+ 0� �24*+ <'8 349 /3)1:*+* /3 9.+ /31+9 54<+7 1+;+1 7+8:198� )438/89+39 </9. .4<%��
/8 57+8+391> 7:3� (+)':8+ /9 /8 034<3 94 (+ ):9 4,, /3 9.+ 8</71 7+-/43 (+9<++3 9.+ ,'3 '3* 9.+ ���%	

�8 /3 !+,+7+3)+ ��� 9.+ 8+2/�+25/7/)'1 9/5 ;479+= )'1):1'9/43 <'8 349 /3)1:*+* /3 9.+ 57+*/)9/438	
�31> 9.+ 8+2/�+25/7/)'1 <'0+ )'1):1'9/43 <'8 :8+* 94 *7/;+ 9.+ 8>89+2	

�8 /3%���2+9.4*8 ,47 *+,/3/3- )+79'/3 -+42+97> '3* 5+7,472'3)+ 5'7'2+9+78 /3 "�$!����<+7+
*+;+145+*	 !+,+7+3)+ � �9.+ #�'�" :8+7�8 2'3:'1� )439'/38 *+,/3/9/438 ,47 '11 9.+ /35:9 5'7'2+9+78
/3 "�$!����	 &+ </11 34< */8):88 (7/+,1> .4< 842+ 4, 9.+8+ *+,/3/9/438 <+7+ *+9+72/3+*	 �,9+7
842+ +;'1:'9/43 /9 <'8 *+9+72/3+* 9.'9 9.+ 89'947 89'--+7 '3-1+8 8.4:1* (+ *+,/3+* :8/3- 9.+ 8'2+
*+,/3/9/43 '8 9.48+ :8+* (> %�� /3 !+,+7+3)+ ��	

�+,/3/3- 9.+ ,'3 7+1'9/;+ �'). 3:2(+7 94 (+ :8+* /3 9.+ 74947 :389+'*> 57+88:7+ */897/(:9/43
)'1):1'9/438 /8 )4251/)'9+* (> 9.+ 7'5/* ).'3-+ 4, 9./8 6:'39/9> ,742 9.+ ,'3 1+'*/3- +*-+ 94 9.+ ,'3
97'/1/3- +*-+	 #4 .'3*1+ 9./8 /88:+� 9.+ ';+7'-+ 4, 9.+ ,'3 1+'*/3- +*-+ '3* ,'3 97'/1/3- +*-+ 7+1'9/;+
�'). 3:2(+78 /8 :8+*	 �47 )438/89+3)>� 9.+ 74947 89'--+7 '3-1+8 :8+* (> 9.+ )4*+ '7+ *+,/3+* (> 9.+
'3-1+ 9.+ 74947 ).47* 2'0+8 </9. 9.+ 9'3-+39/'1 */7+)9/43	 #./8 '5574=/2'9+8 9.+ ';+7'-+ 2+9'1 '3-1+
4, 9.+ ,'3 '9 +'). 7'*/:8	 �> 7:33/3- 9.+8+ ';+7'-+ ;'1:+8� 9.+ ,'3 )'3 (+ 7:3 :5 94 9/5 85++*8 <.+7+
9.+ ,'3 1+'*/3- +*-+ 7+1'9/;+ �'). 3:2(+7 /8 8:5+7843/)� (:9 9.+ ';+7'-+ 7+1'9/;+ �'). 3:2(+7 /8
8:(843/)	

"�$!���� :8+8 ' 841/* (4*> 8</71 '5574=/2'9/43	 �,9+7 842+ /3;+89/-'9/43� 9.+ 8</71 ;+14)/9> '9
��� 85'3 <'8 8+1+)9+* '8 9.+ ('8/8 ,47 9.+ 841/* (4*> 8</71 '88:259/43	 #./8 85'3</8+ 14)'9/43 /8 9.+
8'2+ '8 9.'9 :8+* 94 /3;+89/-'9+ 9.+ <';+ 7+,1+)9/43
24*+ 97'55/3- 2+).'3/82 /3 !+,+7+3)+ ��	

�/-:7+�� 51498 943+ 54<+7 1+;+1 57+*/)9/438 ,47 9.+ �	� ;'3+
(1'*+ 7'9/4 </9. .'7*<'11 *'9' 4;+7 ' 7'3-+
4, ,'3 9/5 85++*8	 �4:51+* '3* :3)4:51+* 57+*/)9/438 '7+ 8.4<3 ,47 9.+ ,/789 9.7++ .'7243/)8 4, � �	
�489 4, 9.+ *'9' 8.4<3 /8 .'7*<'11 *'9'	 �;+7� ' 5479/43 4, 9.+ 85++* 7'3-+� ')4:89/)'11> 97+'9+* *'9'�
)477+)9+* 94 .'7*<'11 )43*/9/438 '7+ 8.4<3 �1'(+11+* ?.'7*<'11+*� 97+'9+* *'9'�	 #.+8+ *'9' 54/398
'7+ /3)1:*+* ,47 (+99+7 +;'1:'9/43 4, 9.+ 7/8+ /3 ',9 �� � 54<+7 1+;+18 */8):88+* 57+;/4:81>	

&+ </11 ,/789 */8):88 9.+ ',9 54<+7 1+;+1 57+*/)9/438 ��/-:7+��* 94 �/-:7+��,�� 8/3)+ 9.+> .';+ 9+3*+*
94 (+ 9.+2489 89'(1+ <.+3 7:33/3- /3 '3 :3)4:51+* +3;/7432+39	 �,9 54<+7 1+;+1 )4:51+* 57+*/)9/438
,47 9./8 )43,/-:7'9/43 8.4< /2574;+* '-7++2+39 </9. *'9' 4;+7 9.+ :3)4:51+* 57+*/)9/438	 �,9 �� �
57+*/)9/438 '7+ +85+)/'11> +3)4:7'-/3-� '8 9.+> 57+*/)9 9.+ 14)'9/43 4, 9.+ 8/-3/,/)'39 54<+7 1+;+1 7/8+
8++3 /3 9.+ *'9' '9 '(4:9 ���A�A��� ,9
8+) ,'3 9/5 85++*	 �,9 � � )4:51+* 57+*/)9/438 '184 )425'7+
(+99+7 </9. *'9' 9.'3 9.+ :3)4:51+* 7+8:198	 � � )4:51+* 57+*/)9/438 8.4< 9.'9 9./8 943+ /8 349
*42/3'9+* (> 9.+ 74947 <'0+
89'947 /39+7')9/43 943+ 34/8+ 84:7)+ (:9 /8 *42/3'9+* /389+'* (> 49.+7
34/8+ 84:7)+8	

&/9. 7+,+7+3)+ 94 �/-:7+��,� <+ </11 34< */8):88 /3 -7+'9+7 *+9'/1 9.+ �� � 54<+7 1+;+1 7/8+ 4(8+7;+*
/3 9.+ )4:51+* 57+*/)9/438	 �3 !+,+7+3)+ ��� ' 8/251+ 9./3 '33:1:8 9.+47+9/)'1 24*+1 <'8 :8+* <./).
1/2/9+* 9.+ '3'1>8/8 94 431> 9.+ ,/789 7'*/'1 24*+ 47*+7 4, +'). )/7):2,+7+39/'1 24*+	 �47 � �� 431>
9.+ 2 � � � % )/7):2,+7+39/'1 24*+ �/	+	 0 � �� /8 5745'-'9/3- ,47<'7* /3 9.+ 8</71 7+-/43 (+9<++3
9.+ ,'3 '3* 9.+ ���%�8	 #.:8� 9./8 8/251+ 24*+1 ,4:3* 9.'9 9.+ ,/789 5745'-'9/3- � � 7'*/'1 24*+
����@�� <'8 <.'9 )':8+* 9.+ 8/-3/,/)'39 ?24*+ 97'55/3-� '3* 7+1'9+* 7/8+ /3 9.+ ',9 �� � 57+*/)9/438	
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f) Aft 3BPF
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a) Inlet BPF

b) Inlet 2BPF

c) Inlet 3BPF

BPF Cutoff
upstream
of fan l.e.

BPF Cutoff
Downstream
of FEGV t.e.
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.%+2 � .&$*&#& �*/ -&." 0*/&( /%" ." +*! -�!&�( )+!" ���	�  0/. +* �/ ��+0/ �� #/�." � �%&. &. �" �0."
/%" �),(&/0!" +# /%" #&-./ -�!&�( )+!" +-!"- �/ ���� ,-"!& /"! �3 /%" -+/+- 2�'"�./�/+- &*/"-� /&+*
*+&." .+0- "� &. /++ (+2 �. &/ ,-+,�$�/". #+-2�-! #-+) /%" ./�/+- /+ %�1" � .&$*&#& �*/ &),� / +* �#/

���� �/ &. *+/ 0*/&( /%&. ." +*! -�!&�( )+!" +-!"-  0/. +* �/ ���� &* /%" .2&-( -"$&+* �"/2""* /%" #�*
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��� ./*3&�
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��� ".% ���� 0/7&2 ,&6&, 02&%*$4*/.3 *. �*(52&��# ".% �*(52&��$ ",3/ 3)/7 &6*%&.$&
/' $/50,*.(� �)*3 $/50,*.( "00&"23 4/ #& 2&"3/."#,& 50 5.4*, "#/54 	��� '4�3&$ '". 4*0 30&&%� �#/6&
4)*3 30&&% $/50,*.( *3 /6&202&%*$4&% #9 4)& 3934&-� &30&$*",,9 '/2 *.,&4 
���� �/-& /' 4)*3
/6&202&%*$4*/. -"9 #& *. 0"24 %5& 4/ 4)& '"$4 4)"4 4)& '". ,&"%*.( &%(& 2&,"4*6&�"$) .5-#&2 *3 (2&"4&2
4)". /.& '/2 4)& ,"34 '/52 02&%*$4&% 30&&%3 �3&& �*(52&���� �)*3 -&".3 4)"4 3)/$+3� 7)/3& &''&$4 *3 ./4
-/%&,,&% *. 4)*3 ".",93*3� )"6& ,*+&,9 '/2-&% /. 4)& '".�
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�*. 4)& 2/4"4*.( 2&'&2&.$& '2"-&� 4)". 4)/3& 3&&. *. 4)& 34"4/2� �00&.%*8 � %*3$533&3 $/-054"4*/.",
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�� ������ �)*3 
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d) Aft BPF

e) Aft 2BPF

f) Aft 3BPF

Hardwall Data
Rotor/Stator coupled prediction, with swirl
Stator only prediction, no swirl
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Fan l.e. relative
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BPF k = 1,
� = 0 cuton

BPF k = 1,
� = 1 cuton

S
ou

nd
 P

ow
er

 L
ev

el
 (

dB
)

S
ou

nd
 P

ow
er

 L
ev

el
 (

dB
)

S
ou

nd
 P

ow
er

 L
ev

el
 (

dB
)

Fan Tip Speed (ft/sec)

a) Inlet BPF

b) Inlet 2BPF

c) Inlet 3BPF
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4.2 EVALUATION  WITH ADP 22” RIG F AN1 DATA
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3257-21 2* 7,) )9%/8%7-21� �%5�*-)/( 6281( 35)6685) /)9)/ (-5)'7-9-7< (%7%�35)(-'7-21 '203%5-6216
*25 7,-6 5-+ %5) (-6'866)( -1  )'7-21 ��

!)67 (%7% *25 7,) ��� ��� 5-+ :)5) 2&7%-1)( %7 7,) �� � �):-6 �� ; ��� /2: 63))( :-1( 7811)/� !,)
*%1 ,%6 �� &/%()6 %1( �� 9%1)6 %1( 5816 %7 % 723 *%1 7-3 63))( 2* ��
 *7	6)'� !,) 5-+ -1'/8()6 % 52725�
% ���# %1( % '25) (8'7 �6)) �-+85)���� �%7% :)5) 2&7%-1)( %7 % '2167%17 6-()/-1) (-67%1') *520 7,)
02()/ :-7, % 0-'523,21) 75%9)56) %1( :)5) 3267352')66)( 72 % '2167%17 *%5�*-)/( 5%(-86 *520 7,) 5-+�
!21)6 :)5) '%/'8/%7)( &< 68&75%'7-1+ 7,) &52%(&%1( *520 7,) 721) /)9)/6� �27) 7,%7 ��� -6 '87 2** 29)5
7,) )17-5) 63))( 5%1+) -1 7,-6 5-+�

�-+85)�� 6,2:6 ,2: !�%� 02()/6 7,) ��� ��� �-+ ���� 5-+� �%5. /-1)6 -1(-'%7) +)20)75<
02(-*-'%7-216 72 ()%/ :-7, '20387)5 '2() /-0-7%7-216� !,) -1/)7 %1( 12==/) +)20)75-)6 :)5) 127
',%1+)( -1 7,) 5%(-%7-21 '2()6 );')37 7,%7 *25 7,) %*7 5%(-%7-21 '2()� 7,) ')17)5&2(< 5%(-86 :%6
+5%(8%//< 5)(8')( 72 =)52 68**-'-)17/< *%5 *520 7,) 12==/) );-7 62 %6 127 72 -03%'7 21 %*7 5%(-%7)( 12-6)�
!,-6 +)20)75< 02(-*-'%7-21 :%6 5)48-5)( &< 7,) %*7 5%(-%7-21 '2() -1 25()5 *25 -7 72 581 '255)'7/<� !,)
%;-%/ /2'%7-21 2* 7,) ')17)5&2(< 02(-*-'%7-21 :%6 ()7)50-1)( &< );3)5-0)17-1+ :-7, 7,) %*7 5%(-%7-21
'2() 86-1+ 7,-6 +)20)75<�

Interface Planes

Fan

Core Duct

FEGV Bypass Duct

SOURCE3DInlet Radiation Aft Radiation

Constant Area Annular
Duct for SOURCE3D

Code required for each
acoustic element

1 2 3
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���

�/62 21 7,-6 ',%57 %5) 7,) -17)5*%') 3/%1) 180&)56 6,2:1 '216-67)17 :-7, �-+85)� %1( 7,) '2()6 :,-',
%5) 581 72 '5)%7) �'2867-' �523)57-)6 �-/)6 *25 )%', 2* 7,) %'2867-' )/)0)176� �27) 7,%7 *520 -17)5*%')
3/%1) � 72 -17)5*%') 3/%1)  % '2167%17 %5)% %118/%5 (8'7 -6 ()*-1)( :,-', 3)50-76  �"���� 72 (2
-76 '%/'8/%7-216� �17)5*%') 3/%1) � -6 6,2:1 %6 7,) -1387 3/%1) *25 7,) -1/)7 5%(-%7-21 '2() :,-/)
-17)5*%') 3/%1)  -6 6,2:1 %6 7,) -1387 3/%1) *25 7,) %*7 5%(-%7-21 '2()� �27) 7,%7 %'78%/ 1%')//)
+)20)75< -6 86)( 72 3)5*250 7,) 7:2 5%(-%7-21 '2() '%/'8/%7-216� !,-6 '5)%7)6 620) -1'203%7-&-/-7<
:-7, 7,) (8'702()6 &)7:))1 7,) 5%(-%7-21 '2()6 %1(  �"����� !,-6 -1'203%7-&-/-7< :%6 %'')37)(
&)'%86) 02(-*<-1+ 7,) 1%')//) +)20)75< 72 &) '216-67)17 :-7,  �"���� :28/( 127-')%&/< ',%1+)
7,) 67)%(< &%'.+5281( */2: *25 7,) 5%(-%7-21 '%/'8/%7-216 7,86 ,%9-1+ %1 -03%'7 21 7,) 12-6)
35)(-'7-216�

�-+85)�� '203%5)6 6281( 32:)5 /)9)/ 35)(-'7-216 86-1+ !�%� :-7, 7,5)) %'2867-' )/)0)17
'20&-1%7-216� !,)< %5) /-67)( ,)5) *520 7,) /)%67 623,-67-'%7)(0)7,2( 2* 5811-1+!�%� 72 7,)0267
623,-67-'%7)( 0)7,2(� !,) 75-%1+8/%5 6<0&2/6 6,2: 35)(-'7-216 *25 % 67%725 21/< 35)(-'7-21 :-7,287
6:-5/� !,-6 -6 )66)17-%//< %#
���2725$%.)	 7%725 �17)5%'7-21 �2() 35)(-'7-21 ��)*)5)1')6 �� 72 ����
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��� )'+�(� )/#�%") )�%- � (%*%(�)*�*%( �%+&"�� &(�� �* %$ - *� )- (" �$� *+($ $� �%$) )*�$* - *� *��
&(�, %+) )��* %$� � $�""/� *�� � (�+"�( )/#�%") )�%- 1�+""/ �%+&"��� &(�� �* %$) -� ��  $�"+�� �$  $"�*�
(%*%(� )*�*%(� �$� $%00"� - *� )- (" �$� *+($ $��

TFaNS Prediction: Inlet, Rotor, Stator, Nozzle

TFaNS Prediction: Stator only, no swirl
TFaNS Prediction: Rotor, Stator only

Data

Fan Tip Speed (ft/sec)
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�$"�* ���� $% )� )�%-) " **"� �%+&" $� ��"%- ��%+* �		 �*�)�� * & )&���� ��%,� *� ) )&���� *��
(%*%(�)*�*%( �%+&"�� &(�� �* %$) �$� *�� �+""/ �%+&"�� &(�� �* %$) ��� $ *% %,�(&(�� �* *�� ��*�� �$"�*
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�# * &�$'� * (! ,#$+ + �,$(' /$%% !(�-+ (' "�$'$'" � � ,, * -'� *+,�'�$'" (! ,# $'% , 
��� �'� ����
'($+ )* �$�,$(' � #�.$(*� �( !-*,# * �'�%12 ,# + * +-%,+� �(-)% � )* �$�,$('+ �* &�� /#$�#
 0�%-�  $,# * ,# $'% , (* ,# '(22% � �# )-*)(+ (! ,#$+  0 *�$+ $+ ,( +  $! ,# * $+ � �('+$� *��% 
 !! �, (! ,# $'% , (. * ,# '(22% $' � , *&$'$'" ,# �(-)%$'" � #�.$(*� �$"-* �� +#(/+ )* �$�,$('+
!(* ,# !-%%1 �(-)% � ��+ � $'% ,�*(,(*�+,�,(* �(-)% � ��+ �'( '(22% $'�%-� ��� �'� *(,(*�+,�,(*�'(22% 
�(-)% � ��+ �'( $'% , $'�%-� ��� �'� �"�$'� ,# %�*" +,  !! �,+ +  & ,( (��-* !(* ,# $'% , 
���
)* �$�,$('+� �#-+� $'% , 
��� * +-%,+ /$%% � !-*,# * �$+�-++ ��

TFaNS Prediction: Inlet, Rotor, Stator, Nozzle

TFaNS Prediction: Rotor, Stator, Nozzle
TFaNS Prediction: Inlet, Rotor, Stator
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Fan l.e. relative
Mach No.>1.0


�������� �	� ��� �� 
��� ����������� ��� 	��� ���� ������� ������ �� ����� �� ��  �� ��������

�$"-* �	� +#(/+ $'% , 
��� +(-'� )(/ * % . %+ . *+-+ !�' ,$) +)  � $' &(* � ,�$%� �, $'�%-� + �%% ,# 
+�& )%(,+ �+ $' �$"-* �� �+ / %% �+ ,# *(,(*�+,�,(* �(-)% � )* �$�,$('+� �# +,�,(* ('%1 )* �$�,$('
/$,#(-, +/$*%� +#(/' $' �$"-* ��� $+ �%+( $'�%-� � !(* * ! * '� � � /$%% '(/ !-*,# * �$+�-++ ,#$+ !$"-* 
�1 +)%$,,$'" ,# �'�%1+$+ $',( ,/( )�*,+� %(/ +)  � * +-%,+ �$� � ������ !,�+ � ,$) +)  �+� �'�#$"# +)  �
* +-%,+ �$� � �
� � ��� !,�+ � ,$) +)  �+�� �$'� �� !,�+ � +#(/+ %$,,%  !! �, (! �(-)%$'"� $, /$%% '(, � 
�$+�-++ � $' !-*,# * � ,�$% # * � �%% �(&)�*$+('+ � %(/ �* &�� * %�,$. ,( ,# *(,(*�+,�,(* �(-)% �
)* �$�,$('+�
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TFaNS Prediction: Inlet, Rotor, Stator, Nozzle

TFaNS Prediction: Inlet, Rotor, Stator

TFaNS Prediction: Rotor, Stator

Data
TFaNS Prediction: Rotor, Stator, Nozzle Fan l.e. relative

Mach No.>1.0

TFaNS Prediction: Stator only, no swirl

���# ����	 �� ��� ��� ���� ����" ���� � ����"���! $!� �"� %�"� $� ��#! ��$��! �� ��#�����

& &�� �") %#���%� �!��'��!� &�� �!��& �!� !",,�� &�!�% &" %��!�����!&�+ � #$"(� �") )��� #$����&�"!%
�" #�$� )�&� ��&�� ��%�� "! &�� $"&"$�%&�&"$�!",,�� #$����&�"!%� &�� ����&�"! "� &�� !",,�� ��% &��
��$��%& � #��& "! &�� $�%'�&%� ��� ����&�"! "� �! �!��& &�!�% &" &��! � #$"(� &�� #$����&�"!% &" ��&&�$
 �&�� &�� ��&�� ��� �����& "� &�� !",,�� "! �!��& !"�%� �##��$% &" �� �'�� �! #�$&� &" &�� ���& &��& �!��&

��� ��&� �% ��"'& 	��� �")�$ &��! ��& 
��� ��&� "(�$ &�� �!&�$� %#��� $�!�� �%�� ���'$����� ��'%
$�����&�"!% �$" &�� !",,�� )���  "$� �����+ �����& &�� �!��& #$����&�"!% &��! $�����&�"!% �$" &�� �!��&
� #��&�!� "! ��& $�%'�&%�

�" ��&&�$ '!��$%&�!� &�� $�%'�&%� )� )��� !") �*� �!� &�� $�����&�"! �"�������!&% �$" &�� �!��& �!�
��& $����&�"! �"�� #$����&�"!%� ������� %�")% #$�%%'$�  "�� $�����&�"! �"�������!&  ��!�&'��% ��!
�������%� #$����&�� �+ &�� �!��& �!� ��& $����&�"! �"��%� �! "$��$ �"$ &��% &���� &" �� '%��'�� &�� -�!#'&�
�!� -"'&#'&�  "��% !��� &" �� � #"$&�!& &" &�� %"�'&�"!� ��'%� �! &��% &����� -�!#'&� ������  "��%
�"$$�%#"!� &"  "��% �"'!� &" �� � #"$&�!& �! $"&"$�%&�&"$ �"'#��� #$����&�"!% �& &�� $"&"$ �����!�
���� ������ �"$ �"$)�$� #$"#���&�!�  "��% �!� �& &�� %&�&"$ &$����!� ���� �&���� �"$ ��& #$"#���&�!�
 "��%� ��� -"'&#'&� ��������  "��% �"$$�%#"!� &"  "��%� #$����&�� &" �� � #"$&�!& �! &�� �'��+
�"'#��� #$����&�"!%� �! &��% &����� &�� �" �!�!& -"'&#'&�  "��% �$�  �$���� �'$�!� &��% ��%�'%%�"!�
�&
&��$�' ��$�!&���  "�� "$��$ �!� � � ������  "�� "$��$� ���� ��� $���$% &" &��  "�� )���� �%



17

'*.3, 8(&99*7*) .394� �49* 9-&9� *=(*59 &9 �� +9�8*( 9.5 85**)� 9-* 34??1* 57*88:7* 7*+1*(9.43
(4*++.(.*398 &7* 1*88 9-&3 ���)� +47 9-* )42.3&39 24)*8�

������
� ���	 ��	����
� ��		
�
���� �� 	�� �� ������

�&3 ".5
!5**)

�35:9
�4)*

�:95:9
�4)*
� �

�&,3.9:)* 4+ �7*88:7* �4)*
�251.9:)*  *+1*(9.43 �4*++.(.*39

�35:9 24)* �42.3&9*8
.31*9 �4)* �4<*7 �*;*1
+ � 11 � 1 )�� � ��� �� �31*9  *+1*(9.43�

+&3 1�*� �)��
�4??1*  *+1*(9.43�
���# 9�*� �)��

+47 �:11> �4:51*)
�7*).(9.43�

�� +9�8*( ���	 ���	 �	�� ���
 %�!

���� ���	 �	��
 ���� ��


	 +9�8*( ���	 ���	 ����	 �	��� %�!

�� +9�8*( ���
 ���
 �	�� 	�� %�!

��� +9�8*( ���� ���� �
�� �:9 4++ �� �)42.3&39 +47
74947�89&947 431> (4:51.3,�

���
 ���
 ���� �	��
 %�!

���	 ���
 ����� �	��
 ��

���� ���
 ����� �� 842* .25479&3(*

���
 ���� ����� �	
�� %�!

���	 ���� ����� �	��
 ��

���� ���� ����� �	
�� 842* .25479&3(*

$* <.11 34< ).8(:88 *&(- 85**) 8*5&7&9*1> 94 '*99*7 :3)*789&3) 9-* 7*8:198� �9 �� +9�8*( 9.5 85**)�
&9 9-* 89&947� .31*9 
��� 34.8* )&9& .8 &'4:9 	�)� 14<*7 9-&3 &+9 
��� 34.8* )&9&� �47 74947�89&947
(4:51*) 57*).(9.438� 9-.8 .31*9 94 &+9 ).++*7*3(* .8 57*).(9*) 94 '* &'4:9 	�)� ��.,:7*���� "-:8
7*+1*(9.43 (4*++.(.*398 4+ ���� 94 ����)� +742 9-* 34??1* �"&'1*��� 2&> -&;* &3 .25479&39 .25&(9 43
.31*9 34.8*�

�9 
	 +9�8*(� .31*9 
��� 57*).(9.438 +47 9-* +:11> (4:51*) 8>89*2 &7* )42.3&9*) '> 9-* ����	� 24)*
&3) 9-:8 8**2 94 '* ):* 94 9-* 7*+1*(9.438 4++ 9-* 34??1* ):* 94 9-*2:(- -.,-*7 &+9 34.8* 1*;*18 7*1&9.;*
94 9-* .31*9 34.8*� �184 4+ .39*7*89� 9-* ����
� 24)* �<-*7* � � �� .8 97&55*) '*9<**3 9-* 74947 &3)
89&947� �3 &3&1>8.8 4+ 9-* 24)&1 7*8:198 .3 9-* 74947�89&947 (4:51*) 57*).(9.438 �8-4<3 .3 �.,:7*���
.3).(&9*8 9-&9 9-.8 97&55*) 24)* .8 7*+1*(9*) .394 &+9 ���� 34.8* &8 & ���
� 24)* �<-*7* �������

�9 �� +9�8*( 9.5 85**)� 9-* ����
� 24)* .8 (:9 43 +742 9-* +&3 1�*� 94 9-* ���# 9�*� ��:94++ 7&9.4�
����	�� &9 9-* +&3 1�*� &3) 9-* ���# 9�*��� �8 9-* 24)* 2&0*8 .98 <&> .394 9-* .31*9 47 34??1*� .9
'*(42*8 (:9 4++� 9-:8 (&:8.3, 9-.8 24)* 94 '* 97&55*)� �:9 .+ <* 1440 &9 �.,:7*�	�� <* 349.(* 9-&9 /:89
&)).3, 9-* 34??1* 4394 9-* &(4:89.( 8>89*2 (&:8*8 & 34.8* 7.8* 4:9 9-* .31*9� "-.8 2&0*8 8*38* 8.3(*
9-* 7*+1*(9.43 (4*++.(.*39 8-4<3 .3 "&'1*�� .8 6:.9* -.,- +47 9-* 34??1*� 9-:8 (&:8.3, 9-* 34.8* 94 7*+1*(9
'&(0 9-74:,- 9-* .31*9� "-* .31*9� -4<*;*7� )4*8 349 574):(* 9-* 8&2* *++*(9 43 &+9 
��� 34.8* &8 .8
8**3 .3 �.,:7*�� 8.3(* &+9 34.8* .8 84 2:(- -.,-*7 9-&3 .31*9 34.8*�

�184 349* 9-&9 &9 �� +9�8*( 9-* 34??1* 7*+1*(9.43 (4*++.(.*39 .3 "&'1*�� .8 ,7*&9*7 9-&3 �)� .3).(&9.3,
9-&9 9-* 7*+1*(9*) 57*88:7* 2&,3.9:)* .8 -.,-*7 9-&3 9-* .3(.)*39 2&,3.9:)*� "-.8 .8 7*&843&'1* 8.3(*
9-*8* &7* 
������ 7*+1*(9.43 (4*++.(.*398 +47 & )4<3897*&2 ,4.3, 57*88:7* <&;* '*.3, 7*+1*(9*) .394
&3 :5897*&2 ,4.3, 57*88:7* <&;*� �47 54<*7 94 '* (438*7;*)� .9 .8 9-* 
	��� 7*+1*(9.43 (4*++.(.*398
9-&9 2:89 '* 1*88 9-&3 �)�� "-* )*7.;&9.43 4+ 9-* 57*88:7* 7*+1*(9.43 (4*++.(.*398 +47 9-* 7&).&9.43
(4)*8 2&> '* +4:3) .3  *+*7*3(* 
�
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�3'&+%5+0/4 #5 ��� (5�4'% 5+1 41''& #3' 1'3*#14 5*' .045 %0.1-+%#5'& 0( 5*' -08 41''& 3'46-54� �6--:
%061-'& +/-'5 
��� 13'&+%5+0/4 #3' 26+5' 4+.+-#3 50 5*' 30503�45#503 %061-'& 3'46-54� �08'7'3�
13'&+%5+0/4 8+5*065 #/ +/-'5 03 8+5*065 # /0;;-' 4*08 40.' %0/4+&'3#$-' %*#/)'4 8*+%* #3' 8035*
'91-03+/) 50 $'55'3 6/&'345#/& 5*' 40-65+0/4�

�061-'& 13'&+%5+0/4 64+/) +/-'5�30503�45#503 #%0645+% '-'.'/54 #3' -08'3 5*#/ 5*' 30503�45#503 %061-'&
3'46-54� �*+4 +4 &6' 50 5*' (#%5 5*#5 30503�45#503 %061-'& /0+4' 4063%' *#4 # &0.+/#/5 ������ .0&'
8*+%* +4 7'3: /'#3 %650(( �� � 	����� #5 5*' (#/ -�'� #/& +4 %65 0(( #5 5*' ���! 5�'� "*'/ 5*' +/-'5 +4
#&&'& 50 5*' %061-+/)� 5*' +/-'5 %654 0(( 5*+4 .0&'� 5*64 3'&6%+/) 5*' 505#- +/-'5 108'3�

�&&+/) # /0;;-' 50 5*' 4:45'. %#64'4 5*' /0+4' 50 3+4' $#%, 61 #4 5*' ����
� .0&' $'%0.'4 &0.+/#/5
#/& 5*' ������ .0&' $'%0.'4 +.1035#/5� �#$-'�� 4*084 5*#5 5*' ������ #/& ����
� .0&' /0;;-'
3'(-'%5+0/ %0'((+%+'/54 #11'#3 500 -08 50 *#7' # 4+)/+(+%#/5 +.1#%5 0/ 5*' +/-'5 /0+4' 3'46-54� �05' 5*#5
5*' #(5 
��� 13'&+%5+0/ #5 5*' 45#503 5�'� +4 0/-: �&� *+)*'3 5*#/ +/-'5 
��� #5 5*' 30503 -�'� (03 #
30503�45#503 %061-'& 13'&+%5+0/ ��+)63'���� �635*'3 +/7'45+)#5+0/ (+/&4 5*#5 5*' #(5 3#&+#5'& ����
�
.0&' 108'3 -'7'- +4 
� &� *+)*'3 5*#/ 5*' +/-'5 3#&+#5'& ����
�.0&' 108'3 -'7'- (03 +/-'5�30503�45#503
%061-'& 13'&+%5+0/4� �*64� '7'/ 5*06)* 5*' /0;;-' 3'(-'%5+0/ %0'((+%+'/5 (03 5*+4 .0&' +4 �	��
 &��
+5 +4 45+-- %#64'4 3'(-'%5'& 
��� /0+4' 8*+%* +4 %0/4+&'3#$-: *+)*'3 5*#/ 5*' +/-'5 /0+4'� �*+4 %#64'4
+/-'5 /0+4' 50 3+4' #/& .#,+/) 5*' ����
� .0&' &0.+/#/5 065 5*' +/-'5� �-40� 5*' ������ .0&'� 8*+%*
+4 .6%* -08'3 065 5*' +/-'5 5*#/ 5*' #(5� #11'#34 50 $' +.1#%5'& $: 5*' 4%#55'3+/) 0( 5*' ����	� .0&'
+/50 5*' ������ .0&'�

�/ 46..#3:� (03 +/-'5 
��� #5 5*' -08 41''&4� 30503�45#503 %061-'& 13'&+%5+0/4 %0.1#3' 4-+)*5-: $'55'3
50 5*' &#5# 5*#/ 45#503 0/-:� /0 48+3- �+�'� !��
 5:1'� 13'&+%5+0/4� �05* 13'&+%5+0/4 6/&'313'&+%5 5*'
&#5#� *08'7'3� �*' &+4%644+0/ #$07' 4*084 5*#5� #5 5*'4' -08 41''&4� 5*' +/-'5 #/& 5*' /0;;-' .645
$' +/%-6&'& +/ 5*' .0&'- 50 '(('%5+7'-: 13'&+%5 +/-'5 
��� 406/& 108'3 -'7'-4 (03 5*+4 3+)�

�*' /'95 1#35 0( 5*+4 &+4%644+0/ 8+-- %0/%'/53#5' 0/ 5*' *+)*'3 41''&4� �*' �� (5�4'% 5+1 41''& 3'46-5
+4 4,+11'& +/ 5*+4 &+4%644+0/ 4+/%' +54 3'46-54 (03 +/-'5 
��� 108'3 -'7'-4 #3' 26+5' 4+.+-#3 (03 5*' 7#3+064
-'7'-4 0( %061-+/)� �$07' �
� (5�4'% 5+1 41''&� %061-'& 13'&+%5+0/4 5'/& 50 07'313'&+%5 5*' &#5# #4 +4
4*08/ +/ �+)63'�	��

 4+/) �+)63'�	�� 8' 8+-- /08 &+4%644 *08 13'&+%5+0/4 8+5* 7#3+064 -'7'-4 0( %061-+/) %0.1#3' 50 &#5#
#/& 50 '#%* 05*'3� �*' 30503�45#503 %061-'& 13'&+%5+0/ +4 #$065 	�&� *+)*'3 5*#/ (03 5*' 45#503 #-0/'�
/0 48+3- 13'&+%5+0/� �&&+/) 5*' 30503 +.1307'4 #)3''.'/5 8+5* &#5# #5 5*' -08 41''&4� $65 8034'/4
#)3''.'/5 #5 5*' *+)* 41''&4� "*'/ 5*' /0;;-' +4 #&&'& 50 5*' %061-+/)� 5*' 4:45'. 07'313'&+%54 5*'
*+)* 41''& &#5# (635*'3 '9%'15 #5 5*' 5*3'' *+)*'45 41''&4 8*'3' 30503�45#503 %061-'& 13'&+%5+0/4 #/&
30503�45#503�/0;;-' %061-'& 13'&+%5+0/4 #3' 4+.+-#3� �*'4' 3'46-54 4*08 5*#5 5*' 30503 *#4 #/
+.1035#/5 +.1#%5 0/ 5*' 505#- 13'&+%5'& 108'3 -'7'-4 �4*08/ +/ �+)63'�	�� #5 5*' *+)* 41''&4� �(5
3#&+#5+0/ %0&' %061-+/) 5*'/ (635*'3 '9#))'3#5' 5*' 13'&+%5+0/4� �5 5*' 7'3: *+)* 41''&4� 0/-: 5*'
30503�45#503 %061-+/) *#4 # 4+)/+(+%#/5 +.1#%5 0/ 5*' 3'46-54�

�0 +/7'45+)#5' 5*' *+)*'3 41''& 07'313'&+%5+0/� �#$-'��� +4 64'&� �*+4 5#$-' 4*084 +/-'5 #/& /0;;-'
3'(-'%5+0/ %0'((+%+'/54 (03 5*3'' 41''&4 8*'3' #&&+/) 5*' /0;;-' 4+)/+(+%#/5-: %*#/)'4 5*' 13'&+%5+0/4�
�'(+/+5+0/4 64'& +/ 5*+4 5#$-' #3' 5*' 4#.' #4 5*04' 64'& +/ �#$-'��� �#$-'��� 4*084 5*#5 8*+-' +/-'5
3#&+#5+0/ 3'(-'%5+0/ %0'((+%+'/54 #3'���&� 03 -'44� #(5 3#&+#5+0/ %0&' 3'(-'%5+0/ %0'((+%+'/54 #3' ���&�
03 *+)*'3 (03 5*' &0.+/#/5 +/-'5 406/& 108'3 -'7'- .0&'�

�05' 5*#5 (03 #-- 5*' 41''&4 +/ �#$-'���� 5*' &0.+/#/5 +/-'5 /0+4' .0&' +4 %65 0(( 40.'8*'3' +/ 5*'
/0;;-'� 5*64 %#64+/) 5*' *+)* /0;;-' 3'(-'%5+0/ %0'((+%+'/54� �-40� #5 5*'4' *+)* 41''&4� 5*' #(5 3#&+#5+0/
%0&' +4 *#7+/) 40.' 4+)/+(+%#/5 &+((+%6-5: 13'&+%5+/) 5*' (#3�(+'-&� �%%03&+/) 50�'('3'/%' 	�� $'%#64'
0( 5*' 4+;' 0( 5*' /0+4' 4063%' �&'(+/'& #4 5*' /0;;-' 1-64 5*' 4*'#3 -#:'3� 5*' #%0645+% 8#7'4 #5 5*'
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15;-9.)+- *-;>--5 ;0- :;)5,)9, .151;- -3-4-5; 9-/165 )5, ;0- >)=- -5=-367- 9-/165 )9- 56; 315-, <7
+699-+;3@ >1;0 ;0- >)=- -5=-367- -3-4-5;:� $01: +)5 +)<:- 9-.3-+;165: *)+2 15;6 ;0- :;)5,)9, .151;-
-3-4-5; 9-/165� 76::1*3@ +)<:15/ 9-.3-+;165: *)+2 15;6 ;0- ,<+;� $0-:- ;>6 1::<-: 4)@ 147)+; 65 ;0-
56AA3- 9-.3-+;165 +6-..1+1-5;: 15 $)*3-����

�������� ���	 ��	������ ���		������� �� ����� ��
� ������

�)5 $17
#7--,

�57<;
�6,-

 <;7<;
�6,-

� �

�)/51;<,- 6. !9-::<9- �6,-
�4731;<,- "-.3-+;165 �6-..1+1-5;

�57<; 46,- �6415);-:
153-; �6,- !6>-9 �-=-3
. � 33 � 3 ,�� � ��� �� �53-; "-.3-+;165�

.)5 3�-� �,��
�6AA3- "-.3-+;165�
���& ;�-� �,��

.69 �<33@ �6<73-,
!9-,1+;165�

�� .;	:-+ ��� ��� ����� �� (�#

��� .;	:-+ ���� ���� ���� �<; 6.. (�#

��� ��� ��
�� � � �� ,� 36>-9 ;0)5 ����
46,-�

��
 .;	:-+ ���� ���� ����� 
�� (�#

�3:6 147)+;15/ 65 ;0-:- 01/0 :7--, 79-,1+;165: )9- ;0- 96;69 79-,1+;-, ;9)5:41::165 +6-..1+1-5;: >01+0
)77-)9 ;6 *- ;66 3)9/- .69 :64- 46,-:� $01: +)<:-: ;0- 01/0 9-.3-+;165: .964 ;0- 56AA3- ;6 7)::
;096</0 ;0- 96;69� 79-,1+;15/ 01/0 153-; ;65- 561:- >01+0 1: 4<+0 01/0-9 ;0)5 ;0- ,);)� $01: ,1..1+<3;@
4)@ *- ,<- ;6 -1;0-9 01/0 .9-8<-5+1-: 69 01/0 .)5 9-3);1=- �)+0 5<4*-9: >01+0 -..-+; ;0- :@:;-4�:
)*131;@ ;6 79-,1+; 153-; 561:-� $01: +65+-7; >133 *- .<9;0-9 ,1:+<::-, *-36> )5, 15 ;0- .6336>15/ :-+;165:�

�69 ;0- 01/0-9 :7--,:� 653@ ;0- 79-,1+;165 ); ��� .;	:-+ ;17 :7--, >133 *- ,1:+<::-, 15 ,-;)13� $0- :@:;-4
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TFaNS Prediction: Inlet, Rotor, Stator, Nozzle

TFaNS Prediction: Stator only, no swirl
TFaNS Prediction: Rotor, Stator only
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TFaNS Original Prediction
TFaNS Prediction: Scattering Coefficients Modified as Discussed in Text
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5. FAR–FIELD SOUND PRESSURE LEVEL TFaNS
EVALUATION USING ADP 22” RIG DATA

�. 3)*2 2&$3*/.� ��"�� '"1�'*&,% 2/4.% 01&2241& ,&5&, ����� %*1&$3*5*38 01&%*$3*/.2 "1& $/-0"1&%6*3)
%"3" '/1 3)& ��� ��� 1*( ���
� �/.$,42*/.2 '1/- 3)& 2/4.% 0/6&1 ,&5&, $/-0"1*2/.2 '1/- 3)& ,"23
2&$3*/. "1& 42&% 3/ )&,0 &70,"*. 3)& 01&%*$3*/.2 *. 3)& '"1�'*&,%�

�"1�'*&,% %*1&$3*5*38 01&%*$3*/.2 "3 3)1&& 20&&%2 "1& %*2$422&% #&,/6� �2 6*3) �&$3*/. ��� 3)1&& 380&2
/' 01&%*$3*/.2 "1& 2)/6.� �4,,8 $/40,&% 01&%*$3*/.2 6*3) 26*1, 1&01&2&.3 3)& '4,, $"0"#*,*3*&2 /' ��"��
*.$,4%*.( ". *.,&3� 1/3/1� 23"3/1 ".% ./99,& 6*3) 26*1, ',/6 ".% 341.*.(� �/40,&% 1/3/1�23"3/1
01&%*$3*/.2 6*3) 26*1, #43 6*3)/43 1&',&$3*/.2 '1/- 3)& *.,&3 ".% ./99,& (*5& 3)& .&73 ,&5&, %/6. *.
01&%*$3*5& $"0"#*,*38� �*.",,8� 23"3/1 /.,8� ./ 26*1, 6*3) ./ 1&',&$3*/.2 �$/40,*.(� '1/- ". *.,&3� 1/3/1�
/1 ./99,& *2 -/23 ,*+&  	�� 1/3/1 6"+&�23"3/1 *.3&1"$3*/. $/%& 01&%*$3*/.2 *.043 *.3/ 3)& 1"%*"3*/.
$/%&2� �/1 3)*2 ,"23 $"2&� 3)& 23"3/1 40231&"- *.3&1'"$& 0,".& *2 0,"$&% "3 3)& 2"-& "7*", ,/$"3*/. "2
3)& 1/3/1 ,&"%*.( &%(&� �)*2 -"+&2 3)*2 $/.'*(41"3*/. $/.2*23&.3 6*3) 3)& '4,,8 $/40,&% 01&%*$3*/.2�

�"1�'*&,% %*1&$3*5*3*&2 "1& 2)/6. #&,/6 '/1 3)& '/,,/6*.( '". 1/3"3*/.", 3*0 20&&%2� ��
 '3�2&$�
���;'3�2&$� ".% ��� '3�2&$� �/11&20/.%*.( "(1&&-&.3 *. 2/4.% 0/6&1 ,&5&, *2 2)/6. *. �*(41&�� /'
�&$3*/. ��� �)*2 '*(41& 2)/62 3)"3 "3 ��
 '3�2&$ 3*0 20&&%� '4,,8 $/40,&% *.,&3 ���� 2/4.% 0/6&1 ,&5&,
01&%*$3*/.2 $/-0"1& 6&,, 6*3) %"3" 6)&1&"2 1/3/1�23"3/1 $/40,&% ".% 23"3/1 /.,8 01&%*$3*/.2 %/ ./3
$/-0"1& "2 6&,,� ���� 01&%*$3*/.2 "1& 4.%&101&%*$3&% "3 3)*2 20&&% '/1 ",, 3)1&& 01&%*$3*/.2� �3
���;'3�2&$ 3*0 20&&% ���� 0/6&1 ,&5&, 01&%*$3*/.2 $/-0"1& 6&,, 6*3) %"3"� #43 ���� 01&%*$3*/.2 "1&
23*,, 2/-&6)"3 4.%&101&%*$3&%� �3 ��� '3�2&$ 3*0 20&&%� *.,&3 ���� 0/6&1 ,&5&, 01&%*$3*/.2 6&,,
/5&101&%*$3 3)& %"3"� �.,&3 ���� 01&%*$3*/.2 3&.% 3/ /5&101&%*$3 3)& %"3"� 6)&1&"2 "'3 ����
01&%*$3*/.2 3&.% 3/ 01&%*$3 3)& %"3" 6&,,� �)& '"1�'*&,% %*1&$3*5*38 1&24,32 6*,, ./6 #& %*2$422&%�

�3 ��
 '3�2&$� 2/4.% 0/6&1 ,&5&, 1&24,32 2)/62 $/40,*.( )"2 ". *-0"$3 /. *.,&3 ���� ".% "'3 ����
0/6&1 ,&5&,2� �*(41&�
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20&&%� �*(41&�
�" 01&2&.32 ���� 01&%*$3*/.2 6)*$) "1& 2&&. 3/ $/-0"1& 5&18 6&,, 6*3) %"3" '/1 3)&
'4,,8 $/40,&% 1&24,32 6)&1&"2 3)& *.,&3 1&24,32 '/1 3)& 23"3/1 /.,8 /1 1/3/1�23"3/1 $/40,&% 01&%*$3*/.2
"1& 4.%&101&%*$3&% $/.2*23&.3 6*3) 3)& 0/6&1 ,&5&, 1&24,32 *. �*(41&��� �3 ����� /.,8 3)& - � ��
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3/(&3)&1 '/1 3)& 2*.(,& 01/0"("3*.( -��� $*1$4-'&1&.3*", -/%&� !)*,& 3)*2 &''&$3 *2 &70&$3&% 6)&.
"%%*.( *.,&3 ".% "'3 ./*2&� *3 *2 ./3 +./6. *' 3)*2 &''&$3 $". #& -/%&,,&% "$$41"3&,8 #8 3)*2 2823&-�
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01&%*$3&% ,&5&,2 "1& 2*-*,"1 ",3)/4() %*1&$3*5*3*&2 "1& %*''&1&.3� �3 2)/4,% #& ./3&% 3)"3 3)& -/23
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3)*2 -/%& *2 01&%*$3&% 3/ $/-& '1/- " '/16"1% 01/0"("3*.( ���� ��������;���� �� -/%& 6)*$) *2
:-/%& 31"00&%� *. #&36&&. 3)& 1/3/1 ".% 3)& 23"3/1� �)*2 *2 $/.2*23&.3 6*3) 3)& 0/6&1 ,&5&,
$/.$,42*/.2 *. �&$3*/. ���
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TFaNS Prediction: Inlet, Rotor, Stator, Nozzle coupling

TFaNS Prediction: Stator only, no swirl; No reflections from inlet or nozzle
TFaNS Prediction: Rotor/Stator coupling; No reflections from inlet or nozzle
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TFaNS Prediction: Inlet, Rotor, Stator, Nozzle coupling

TFaNS Prediction: Stator only, no swirl; No reflections from inlet or nozzle
TFaNS Prediction: Rotor/Stator coupling; No reflections from inlet or nozzle
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TFaNS Prediction: Inlet, Rotor, Stator, Nozzle coupling

TFaNS Prediction: Stator only, no swirl; No reflections from inlet or nozzle
TFaNS Prediction: Rotor/Stator coupling; No reflections from inlet or nozzle
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7. RECOMMENDATIONS

7.1 SOURCE3D IMPROVEMENTS
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I.2 DEVELOPMENT OF THE INTEGRATION STATION CRITERIA

"' 64'& 5*' %0&' 83+55'/ $: �.+5* ��'(� 	�� $'%#64' +5 8#4 # 4+.+-#3 (03.6-#5+0/ 0( 5*' 6/45'#&:
13'4463' &+453+$65+0/ %#-%6-#5+0/ 5*#5 +4 (06/& +/ 5*'!��
�0503"#,'� �5#503 �/5'3#%5+0/ �0&' ��'(�

��� 8*+%* �� ����� +4 $#4'& 0/� �*' %#-%6-#5+0/ %0/5#+/'& +/ 5*' �.+5* %0&' +4 # -05 '#4+'3 50
+40-#5' #/& 803, 8+5* 5*#/ 5*' 0/' +/ !��
� � &3+7'3 8#4 %3'#5'& 8*+%* #--08'& 64 50 36/ # 3#/)' 0(
1#/'-4 50 (+/& 5*' .+/+.6. /6.$'3 0( 1#/'-4 3'26+3'& 50 )'5 5*' 13'4463' %#-%6-#5+0/ 50 %0/7'3)'�
�5 #-40 1'3.+55'& 7#3+#5+0/ 0( 5*' +/165 %+3%6.('3'/5+#- .0&' /6.$'3 #/& 5*' /6.$'3 0( *#3.0/+%4
5*#5 8'3' 36/ (03 '#%* 5'45 %#4'�  /45'#&: 13'4463' #/& (#3 (+'-& 13'4463' &+453+$65+0/4 8'3' #-40
13+/5'& (03 1-055+/)� �*' )'0.'53+'4 (03 5*' 45#503 #/& 5*' 30503 %#/ $' 4''/ +/ �+)63'�	 #/& �+)63'�

3'41'%5+7'-:�

�5 8#4 $'-+'7'& 5*#5 5*' /6.$'3 0( 1#/'-4 806-& &'1'/& 0/ 5*' 8#7'-'/)5* 0( '+5*'3 5*' 7035+%+5:�
61453'#. 13'4463'� 03 &08/453'#. 13'4463' 8#7'4 4+/%' 5*'4' #3' 5*' 0/-: 8#7'4 %3'#5+/) 5*'
6/45'#&: 13'4463'4� !��
 #-3'#&: %0/5#+/'& # %3+5'3+0/ ��'(� ��� 8*+%* &'5'3.+/'& 5*' /6.$'3 0(
1#/'-4� �%*03&� (03 5*' 45#503 $#4'& 0/ 5*' 7035+%+5: 8#7' /6.$'3� ��� �446.+/) 
� 10+/54 1'3
8#7'-'/)5*�

���
�	
� �

���
�
	

��
�	�

������� 
� �
�

�
����� ���
������


�
� ���

�*' 13'4463' %#-%6-#5+0/ 3'26+3'4 5*' /6.$'3 0( 1#/'-4 50 $' '7'/� 40 5*' %3+5'3+0/ 45#5'4 5*#5 5*'
/6.$'3 0( 1#/'-4 +4 $#4'& 0/ 5*' 7#-6' 0( �%*03& 306/&'& 61 50 5*' /'95 '7'/ +/5')'3�

I.2.1 The Stator

�*' 45#503 )'0.'53: +4 3'13'4'/5'& +/ �+)63'�	� "#,'4 (30. 5*' 563/+/) $-#&'4 *+5 5*' 45#5034 #/&
%#64' 6/45'#&: 13'4463'4 50 (03. 0/ 5*' %#4%#&'� � .0&'� .� '/5'34 5*' 45#503 (03 # )+7'/ 30503
*#3.0/+%� /� #/& ;4%#55'34� +/50 +/(+/+5' 065)0+/) .0&'4 $: 7#3:+/) ,� �-#&' 1#44+/) (3'26'/%:� ����
+4 &'4%3+$'& $: 5*' /6.$'3� /� 0( 5*' 30503 *#3.0/+%� �: 64+/) 5*' +/165 1#3#.'5'34 50 5*' &3+7'3 8'
%06-& %#-%6-#5' '26#5+0/4 ��� #/& �� (03 4'7'3#- *#3.0/+%4�

�	�
� ��	�
 %04 ���� 4+/ ���
	
� ���

���
���

�
	

��
��

�� +4 5*' 7035+%+5: 8#7' 3'&6%'& (3'26'/%:� �	 #/&�
 #3' 5*' 61453'#. #/& &08/453'#.13'4463' 8#7'
3'&6%'& (3'26'/%+'4 3'41'%5+7'-:� 8*'3'

�	�
�
�����

����
�
�������

� � ���

	��

����

���

���� ����
�
�������

�


� �	��


����
��
� ���

�� ��� �� ���



38

#,) 291&)6 3* 43-287 6)59-6)(� �',36(� -7 *392( &= )59%8-32 �� ;,)6) � � �� � �  *631 %&3:)�
�966)280= ;) %6) 97-2+ �� 43-287 4)6 ;%:)0)2+8,� 73�',36( -7 7-140= 8,) :%09) 3* 8,) 6)(9')( *6)59)2'=
3* 8,) ;%:) -2 59)78-32� �7 -2 8,) $
�� '6-8)6-32� 8,) :%09) 3* �',36( -7 6392()( 94 83 8,) 2)<8 ):)2
-28)+)6�

#,) &%7)0-2) '%7) ;%7 8,)�� ���!-+ � �-**)6)28 8)78 '%7)7 ;)6) '6)%8)( &= :%6=-2+ -2498 4%6%1)8)67
79', %7 �%', 291&)6� 6%(-97� %2( 291&)6 3* &0%()7� �*8)6 6922-2+ 8,) 13(-*-)( :)67-32 3* 8,) "1-8,
'3() ;) ;)6) %&0) 83 463(9') 40387 0-/) 8,) 32) -2 �-+96)�� ;,-', 7,3;7 8,) *%6 *-)0( 46)7796) %7 %
*92'8-32 3* 8,) 291&)6 3* 4%2)07 *36 8,) 94786)%1 +3-2+ ;%:) 32 8,) 78%836� #,) 8)78 '%7) 8,%8
463(9')( �-+96)� ;%7 692 ;-8, �� &0%()7 %2( �� :%2)7 %8 % 6%(-97 3* ���

 -2',)7� �7 =39 '%2 7)) *631
8,-7 4038� 8,) 71%00)78 291&)6 3* 4%2)07 2))()( *36 8,) '%0'90%8-32 83 '32:)6+) -7 �� 7-2') %00 8,6)) -2498
;%:)7 ,%:) '32:)6+)( &= 8,-7 291&)6� �32:)6+)2') -7 ()*-2)( %7 8,) 43-28 ;,)6) 8,) *%6 *-)0( 46)7796)
(-786-&98-32 37'-00%8-327 &)'31) ;-8,-2 ?� (� 3* 8,) *-2%0 :%09)� �2 36()6 83 ()8)61-2) 8,) 291&)6
3* 4%2)07 2)')77%6= *36 8,-7 ,%6132-'� %8 8,-7 6%(-97� 40387 0-/) �-+96)� ;)6) '6)%8)( *36 %00 8,6))
398498 ;%:)7 �:368-'-8=� 94786)%1 46)7796)� (3;2786)%1 46)7796)�� �8 ;%7 7))2 8,%8 ;-8,-2 )%',
,%6132-'� 2� 8,%8 8,) '%0'90%8-32 '32:)6+)( %8 8,) 7%1) 8-1) 6)+%6(0)77 3* 8,) :%09) 3* /� #,) 398498
*631 )59%8-327 �������� ���� %2( ��� *36 8,) 7%140) '%7) 3* �-+96)� '%2 &) *392( -2 #%&0)���

�������
����� ������ ��� ������ ���������� �������	�
 �� �
�������

�3() �12 �� �� � '9832	'983**

�� ���
�� ��� ��� ��
 '983**

� ����� �
� ��
� ��
 '9832

�� ����� ��
� 
��� ��
 '9832

��� ��� ���� ���� ��
 '983**

���� ����� ��� ��� ��
 '983**

#,) *-678 '6-8)6-32 8,%8 ;) ;%28)( 83 ',)'/ ;%7 8,) :368-'-8= ;%:) '6-8)6-32 ;,-', %06)%(= )<-78)( -2
$
��� �2 8,) %&3:) '%7)� 8,) 6)(9')( *6)59)2'= 3* 8,) :368-'-8= ;%:)� �� -7 ��
� %2( ;,)2 8,-7 -7
6392()( 94 83 8,) 2)<8 ):)2 -28)+)6� =39 +)8 8,) :%09) 3* � 4%2)07 ;,-', -7 ;,%8 ;) 7%; -2 �-+96)��

�-+96)�� 7,3;7 8,) 6)79087 3* 8,-7 '6-8)6-32 32 8,) 78%836� #,) 291&)6 3* 4%2)07 8,%8 ;)6) 3&7)6:)(
*631 8,) *%6 *-)0( 46)7796) 40387� 79', %7 �-+96)�� %6) 32 8,) = %<-7 %2( 8,) 291&)6 3* 4%2)07 46)(-'8)(
&= 8,) '6-8)6-32 %6) 32 8,) < %<-7� #,) -()%0 0-2) 6)46)7)287 8,) 3&7)6:)( :%09) &)-2+ )59%0 83 8,)
46)(-'8)( :%09) �-�)�� <�=�� #,) '-6'0)7 6)46)7)28 8,) :368-'-8= 46)(-'8-32 *36 '%7)7 ;,)2 8,) :368-'-8=
;%:) ;%7 7,368)78 %2( 8,) 759%6)7 6)46)7)28 8,) :368-'-8= 46)(-'8-32 *36 '%7)7 ;,)2 8,) 46)7796) ;%:)
;%7 7,368)78� �8 '%2 &) 7))2 8,%8 ;,)2 8,) 46)7796) ;%:) -7 7,368)78 8,%8 8,) '6-8)6-32 92()646)(-'87
70-+,80= %2( ;,)2 8,) :368-'-8= ;%:) -7 7,368)78� 8,) 46)(-'8-32 *%007 32 8,) -()%0 0-2)�

#,) 7)'32( '6-8)6-32;%7 8,) 46)7796) ;%:) '6-8)6-32� �<4)6-)2') *392( 8,%8 8,) (3;2786)%146)7796)
;%:)� ��� 2):)6 (31-2%8)( 8,) 463&0)1� #,97� %00 3* 8,) (-7'977-327 &)03; '32')286%8) 32 8,)
94786)%1 4634%+%8-2+ 46)7796) ;%:)0)2+8,7� �2 36()6 83 ',337) 8,) 291&)6 3* 4%2)07 ;,)2 8,)
94786)%1 46)7796) ;%7 8,) 7,368)78 ;%:)� ;) ',37) 8,) :%09) 3*�� *36 8,) '983213();-8, 8,) 7,368)78
;%:)0)2+8, �,-+,)78 ;%:) 291&)6� ���� 8,-7 -7 /23;2 %7 8,) >0%78 '9832 13()� '6-8)6-32 &)'%97) 8,)
,-+,)78 '9832 :%09) 3* �� %0;%=7 3''967 %8 8,) 13() .978 &)*36) '983**� �2 #%&0)��� 8,-7 ;390( &) 8,)
1��� 13() %2( -8 ;390( ,%:) 4-'/)( �  %2)07 ���
� 6392()( 94 83 8,) 2)<8 ):)2 -28)+)6� ;,-', -7
833 03;� #,) 46)7796) ;%:) '6-8)6-32 ;%7 13(-*-)( %*8)6 %2 -28)6)78-2+ &),%:-36 3* 8,) 463&0)1 ;%7
238-')(� #,) 291&)6 3* 4%2)07 2)')77%6= 7))1)( 83 &) 0-2/)( -2 731) ;%= 83 8,) 1%<-191 :%09) 3*
�12 *36 8,) '9832 13()7� �36 )<%140)� *631 #%&0)��� ;) ;390( 4-'/ 8,) 1�� 13() %7 8,) 1%<-191
:%09) 3* �12 *36 8,) '9832 13()7� #,97� 8,) >1%<-191 �12 '6-8)6-32� ;390( 46)(-'8 �  %2)07�



39

�*2!1!-� .%)�! /$! +-!..0-! 2�1! %. )*/ /$! .$*-/!./ 2�1! %) /$%. .�(+'! ��.!� /$%. *)'4 -!+-!.!)/. /$!
(!/$* /$�/ 2�. 0.! �) %. )*/ �) ��/0�' +-! %�/%*)� �%#0-!��� �) �%#0-!��� .$*2 /$! /2* +-!..0-!
�-%/!-%� -!.0'/. *) /$! ./�/*-� �) �%#0-!��� 4*0 ��) .!! /$�/ /$! '�./ �0/*) (* ! �-%/!-%*) *1!-+-! %�/.
2$!) /$! +-!..0-! 2�1! %. .$*-/!./ �) 0) !-+-! %�/. 2$!) /$! 1*-/%�%/4 2�1! %. .$*-/!./� �) �%#0-!���
4*0 ��) .!! /$! .�(! -!.0'/. �. %) �%#0-!���� $*2!1!-� /$! *1!-+-! %�/%*) 2$!) /$! +-!..0-! 2�1! %.
.$*-/!./ %. "�- '!..� (�&%)# /$! 5(�3 �()� �-%/!-%*) /$! �!//!- �$*%�!�

�. � "%)�' �-%/!-%*) %/ 2�.  !�% ! /* 0.! �*/$ /$! 1*-/%�%/4 2�1! �) /$! +-!..0-! 2�1! /*  !/!-(%)!
/$! )0(�!- *" +�)!'.� �$! 1*-/%�%/4 �-%/!-%*) 2*0' �! 0.! 2$!) /$! 1*-/%�%/4 2�1! $� /$! .$*-/!./
2�1!'!)#/$ *" /$! �0/*) (* !.� �. %) ���'!��� �) /$! 5(�3 �() �-%/!-%*)� 2*0' �! 0.! 2$!) /$!
+-!..0-! 2�1! $� /$! .$*-/!./ 2�1!'!)#/$ *" �'' /$! �0/*) (* !.�

I.2.2 The Rotor

�$! -*/*- #!*(!/-4 %. -!+-!.!)/! %) �%#0-!�	� �..!)/%�''4� /$! +-*�'!( %. )*2 /-!�/! �. %" /$! �'� !.
2!-! $!' ./�/%*)�-4 �) /$! 1�)!. 2!-! /0-)%)# %) /$!  %-!�/%*) *"��� ��1!. �-! .!)/ "-*( /$! 1�)!.
/* /$! �'� !. ��0.%)# 0)./!� 4 +-!..0-!  %./-%�0/%*). *) /$! �'� !.� � (* !� (� !)/!-. /$! -*/*- "*-
� #%1!) ./�/*- $�-(*)%�� &� �) 5.��//!-.� %)/* %)"%)%/! *0/#*%)# (* !. �4 1�-4%)# )� ��)! +�..%)#
"-!,0!)�4� ���� %.  !.�-%�! �4 /$! )0(�!-� &� *" /$! ./�/*- $�-(*)%�� �*- /$! +-*�'!( *" /$! -*/*-�
/$! !,0�/%*). 0.! %) /$! ./�/*- �-%/!-%*) �$�)#! .'%#$/'4 �) �!�*(!�

���	�
����	 �*.���
 .%)���

�
� ���

�
�
���

�
�

��
����

���	�
�����	

����
�
�
����	

� � �
�

���	
����	

����

�
�� ����
�
�
����	

�
	
� ����	

����	
�
	� ��	�

�) /$! (* ! )*2 �!�*(!.�


�� ��� �� ��
�

�%#0-!� -!+-!.!)/. � "�- "%!' +-!..0-!  %./-%�0/%*) "*- �) 0+./-!�( #*%)# 2�1! *) /$! -*/*- "*- � /!./
��.! 2%/$ �� �'� !. �) 	� 1�)!. �/ � -� %0. *" ��� %)�$!.� �-*( /$%. +'*/ %/ ��) �! .!!) /$�/ /$!
��'�0'�/%*) �*)1!-#!. �/ ��*0/ �� +�)!'. .%)�! /$! /$-!! %)+0/ 2�1!. $�1! �*)1!-#! � �! "*0) /$�/
"*- *0- /!./ ��.!. /$�/ /$! 1*-/%�%/4 2�1! 2�. -�-!'4 /$! .$*-/!./ 2�1! *) /$! -*/*- �) � �. ��) �! .!!)
%) �%#0-!��� /$! 1*-/%�%/4 �-%/!-%*) .!1!-!'4 0) !-+-! %�/! /$! )0(�!- *" +�)!'. )!�!..�-4� �$%. %.
 0! /* /$! $%#$ ���$ )0(�!-. /$�/ !3%./ *) /$! -*/*-� �/ '*2!- ���$ )0(�!-.� /$! 1*-/%�%/4 2�1!
2*0' �! (*-! '%&!'4 /*  *(%)�/!� �. 2%/$ /$! ./�/*-� /$!  *2)./-!�( +-!..0-! 2�1! )!1!- $� /$!
.$*-/!./ 2�1!'!)#/$� �$�/ '!"/ 0. 2%/$ *)'4 /$! 0+./-!�( +-!..0-! 2�1! /*  !/!-(%)! /$! )0(�!- *"
+�)!'. )!�!..�-4� �$! *0/+0/ "-*( !,0�/%*). ���� ����� ��	� �) ��
� "*- /$! /!./ ��.! *" �%#0-!� ��)
�! .!!) %) ���'!����



40

������


������ ������ ��� ����� ��������� ��������	 
� �	�������

�2() �01 �
 �� �� '8721�'872**

�	 ������ 
	��� 
	��� 
�� '872**


� �
���� ���� ���� 
�� '8721

�� ���	�� �	��� ���� 
�� '8721

�� ���� �
��� 
�
� 
�� '8721

�� ���� 	��� ��	� 
�� '8721

��	 ����	� ���� 
���� 
�� '8721

��� ����� ����� �	��
 
�� '8721

��� ����	 ���� ���� 
�� '8721

�

 ����� ����� ����� 
�� '8721

�
�� �	���� ����� ���
 
�� '8721

�
�	 ���� ����� ��� 
�� '8721

�
�� ����	 �	��� ���� 
�� '8721

�
�� ����
 ���� ����� 
�� '8721

��	 
����� ���� ���� 
�� '872**

�520 !%&/)���� 7,) >/%67 '8721 02()� '5-7)5-21 :28/( 3-'. 7,) 0��
�� 02() %6 7,) '872102() :-7,
7,) ,-+,)67 9%/8) 2* �
� %1( 35)(-'7 �� 3%1)/6� !,) >0%; �01� '5-7)5-21 :28/( 3-'. 7,) 0����02()
%6 7,) '8721 02() :-7, 7,) ,-+,)67 9%/8) 2* �01� %1( :28/( 35)(-'7 �� 3%1)/6�  -1') 7,) 2&6)59)(
180&)5 2* 3%1)/6 :%6 �� 7,)0%; �01 '5-7)5-% 6))06 72 :25. &)77)5� �85 5)68/76 *25 7,)6) 7:2 '5-7)5-%
'%1 &) 6))1 -1 �-+85)��% %1( �-+85)��&� �-+85)�� 6,2:6 7,%7 21 7,) 52725� :,)5) 7,) 35)6685) :%9)
-6 6,257)67� 7,) &)67 35)(-'7-21 0)7,2( -6 7,) >0%; �01� '5-7)5-21� �7 868%//< 29)535)(-'76� &87 -7
29)535)(-'76 127-')%&/< /)66 7,)1 7,) >/%67 '8721 02()� '5-7)5-21�

I.3 PROCEDURE FOR TESTING CRITERIA IN SOURCE3D

#	�� 35)9-286/< '217%-1)( % '5-7)5-21 ��)*� ��� :,-', :28/( ()7)50-1) 7,) 180&)5 2* 3%1)/6 21 7,)
67%725� �85-1+ 285 )9%/8%7-21� :) ()7)50-1)( 7,%7 7,) >0%; �01� '5-7)5-21 -6 %1 -03529)0)17 72 7,-6
'5-7)5-21 *25 6-78%7-216 -1 :,-', 7,) 35)6685) :%9) ,%6 7,) 6,257)67 :%9)/)1+7,� �2:)9)5� -7 :%6
()'-()( 21/< 72 -1'/8() 7,) 25-+-1%/ '5-7)5-21 -1  �"����� %7 7,-6 7-0)� !,-6 :%6 (2 72 7,) *%'7 7,%7
7,) 67%725 '%/'8/%7-21 -6 5)/%7-9)/< 67%&/) %1( :-// 127 &) %**)'7)( +5)%7/< &< 60%// )55256 -1 7,) 35)(-'7)(
180&)5 2* 3%1)/6�

� 1): 5287-1) :%6 %(()( 72  �"����� :,-', ()7)50-1)6 7,) 180&)5 2* 3%1)/6 5)48-5)( *25 )%',
5%(-86 21 7,) 52725 *25 )%', ,%5021-'� $,)1 7,) 9257-'-7< :%9) ,%6 7,) 6,257)67 :%9)/)1+7,� 868%//<
%7 /2:)5 63))(6� 7,)1 7,) 9257-'-7< :%9) -1 )48%7-21 �
	� -6 86)(� $,)1 7,) 35)6685) :%9) ,%6 7,)
6,257)67 :%9)/)1+7,� 7,)1 7,) >0%; �01� '5-7)5-21 -6 86)(� �1 25()5 72 &) %&/) 72 *-1( 7,) 0%;-080
9%/8) 2* �01 :-7,-1 7,) '2()� 7,) *2//2:-1+ 0)7,2( :%6 ()9)/23)(� !,) '-5'80*)5)17-%/ 02()
180&)5� �0%;� :,)5) 7,) 0%;-080 9%/8) 2* �01 );-676 :%6 *281( &< 7%.-1+ 7,) ()5-9%7-9) 2* )48%7-21
�
�� :-7, 5)63)'7 72 1 %1( 62/9-1+ *25 1 :,)1 7,) ()5-9%7-9) :%6 6)7 72 =)52� � '2167%17 2* 	�� :%6 %(()(
%7 7,) )1( 62 7,%7 :,)1 7,) -17)+)5 2* 7,) 5)68/7 :%6 7%.)1� -7 :28/( 5281( 2** '255)'7/< %1( 7,) 5)68/7
-6 6,2:1 -1 )48%7-21 �
�� !,) 02() :,)5) �01 -6 % 0%;-080 '%1 &) *281( *25 )%', ,%5021-' 2* .
*520 )48%7-21 �
��� !,-6 02() 180&)5 -6 7,)1 86)( -1 )48%7-21 �
�� 72 *-1( 7,) 0%;-080 9%/8) 2*
�01� !,-6 9%/8) -6 7,)1 86)( -1 )48%7-21 �

� %1( 7,)1 -1 )48%7-21 ��� 72 ()7)50-1) 7,) 9%/8) 2* �
�
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 23'4463' %#.%6.#5+10� 8*+%* +4 8*#5 �� ����� +4 $#4'& 10� +4 # .+55.' /13' 6045#$.' 10 5*'
31513 5*#0 5*' �/+5* %1&' 8*+%*/#-'4 +5 7'3: +/2135#05 015 51 60&'323'&+%5 13 17'3 23'&+%5 5*' #%56#.
06/$'3 1( 2#0'.4 0'%'44#3: $: 511 /#0: 2#0'.4� �+)63'�� 4*184 5*' 6045'#&: 23'4463' &+453+$65+104�
(31/ �� ������ (13 4'7'3#. &+(('3'05 06/$'3 1( 2#0'.4� �*'4' &+453+$65+104 8'3' 231&6%'& (31/
# 5'45 360 1( 5*' ��� 	�� 3+) 8+5* 	� $.#&'4 #0& 

 7#0'4 #5 5*' 31513 5+2 #0& (13 #0 �	� 1( ���� 32/�
�+)63'��# 4*184 5*' 6045'#&: 23'4463' &+453+$65+10 8+5* 	� 2#0'.4 �4'.'%5'& $: 5*' %3+5'3+10� #0&
�+)63'��$ 4*184 5*' %#.%6.#5+10 &10' 8+5* �
 2#0'.4 �23'7+164.: %*14'0 51 $' 5*' $'45 06/$'3 1(
2#0'.4�� �*'4' 581 2.154 #3' 7'3: 4+/+.#3� *18'7'3� �+)63'��% 4*184 8*#5 *#22'04 51 5*' %#.%6.#5+10
8*'0 �� 2#0'.4 #3' 64'&� 8*+%* )3144.: '9%''&4 5*' #%56#. #/1605 0'%'44#3:� �*' %#.%6.#5+10 45#354
51 14%+..#5' #5 5*' .'#&+0) #0& 53#+.+0) '&)'4�

I.4 EVALUATION  OF CRITERIA IN SOURCE3D

�0 13&'3 51 '7#.6#5' 5*' 2'3(13/#0%' 1( 5*' 0'8 7'34+10 1( �� ������ 8' %1/2#3'& +54 0'8
23'&+%5+104 51 5*14' 5*#5 8'3' 23'7+164.: %104+&'3'& 51 $' 5*' $'45� �*' 5'45 %#4' 8#4 360 (13 5*' ���
	�� �+) 8+5* 	� �.#&'4 #0& 

 !#0'4� �*+4 5'45 %#4' %17'3'& # 3#0)' 1( 42''&4 #0& #%56#. 5'45 &#5#
8#4 #7#+.#$.' 51 %1/2#3' 5*' 23'&+%5+104 51� "' '7#.6#5'& (163 &+(('3'05 4'5624 1( 5*+4 5'45 %#4' #0&
5*': %#0 $' 4''0 +0 �#$.'����� �63 $#4'.+0' %#4' 8#4 360 8+5* �
 2#0'.4 10 5*' 45#513 #0& 5*' 31513 (13
#.. 3#&++� 8*+%* +4 *18 5*' 23'7+164 7'34+10 8#4 360� �*' %1&' 8#4 #.41 .'(5 51 &'5'3/+0' 5*' 06/$'3
1( 2#0'.4 10 5*' 45#513 #0& 8' %*14' �
 2#0'.4 (13 5*' 31513� �*+4 816.& 4*18 *18 8'.. 5*' 45#513
%3+5'3+10 8#4 813-+0)� "' 5*'0 64'& 5*' 45#513 %3+5'3+10 #)#+0 #0& 2+%-'& �� 2#0'.4 (13 5*' 31513� �*+4
8#4 &10' 51 %*'%- 165 5*' 3'46.54 8*'0 8' 3'#%*'& 5*' /#9+/6/ 06/$'3 1( 2#0'.4 #..18'& $: 5*'
%1&'� "' #.41 #..18'& �� ����� 51 2+%- 5*' 06/$'3 1( 2#0'.4 10 5*' 31513 #0& 5*' 45#513 $#4'&
10 5*' %3+5'3+#�
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�6/$'3 1( �#0'.4 10 5*' �5#513 �6/$'3 1( �#0'.4 10 5*' �1513

�*14'0 51 $' �
 �*14'0 51 $' �


�*14'0 $: �3+5'3+10 �*14'0 51 $' �


�*14'0 $: �3+5'3+10 �*14'0 51 $' ��

�*14'0 $: �3+5'3+10 �*14'0 $: %3+5'3+10

�0 13&'3 51 %1/2#3' 5*' 3'46.54 (13 �� �����8' 3#0 �� ����� 7'34+10 	�	 #0& � ��� 7'34+10

�� #4 2#35 1( ��#�� 7'34+10 	�	 ��'( ���� �� ����� 231&6%'4 #%1645+% 2312'35+'4 (+.'4 ��'( ��� (13
5*' 31513 #0& 45#513 8*+%* %105#+0 4%#55'3+0) /#53+%'4 %1/214'& 1( /1&' 3'(.'%5+10 #0& 53#04/+44+10
%1'((+%+'054� � ��� ��'( ��� +4 # %1&' 5*#5 %162.'4 5*' #%1645+% 2312'35+'4 (+.'4 #0& 231&6%'4 # (#3
(+'.& 218'3 .'7'. 23'&+%5+10� �+)63'�	� 4*184 5*' 218'3 .'7'. 23'&+%5+104 231&6%'& $: ��#��� �*'4'
)3#2*4 4*18 5*#5 5*'3' 8'3' 7'3: 4.+)*5 &+(('3'0%'4 $'58''0 5*'4' 5'45 %#4'4� �*' 10.: /#,13
&+(('3'0%' 8#4 #5 �0.'5 ��� #5 # 5+2 42''& 1( �

 �5�4 ��	� � ���� 32/�� �5 5*+4 42''&� 5*' %#4' 1(
4'55+0) �� 2#0'.4 (13 5*' 31513 23'&+%5'& .'7'.4 � &� *+)*'3 5*#0 5*' 15*'3 5*3'' %#4'4� �*' 4#/' %#4'
*#& #$165 # 	� &� *+)*'3 23'&+%5+10 #5 �0.'5 
��� (13 5*' 4#/' 42''&� �*' %#4' 1( �� 2#0'.4 #0& 5*'
%#4' 1( 5*' %3+5'3+# 23'&+%5'& #$165 
 &�*+)*'3 #5 5*' *+)*'45 42''&1( �0.'5���#0& �0.'5 ����� �*'3'
8'3' 10.: /+013 &+(('3'0%'4 1( .'44 5*#0 	 &� 17'3 5*' 3'45 1( 5*' &#5#�
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�127,)5 %5)% 7,%7 :%6 /22.)( -172 :%6 7,) 3266-&-/-7< 2* -1'5)%6-1+ 7,) 0%;-080 180&)5 2* 3%1)/6
%//2:)( -1 7,) '2() �'855)17/< �	� 72 6)) -* 7,%7 :28/( ',%1+) 5)68/76� �* 7,) 5)68/76 :)5) 127 ',%1+)(
7,)1 -7 0-+,7 %//2: 7,) 86)5 72 581 025) 7,%1 � ,%5021-'6� :,-', -6 7,) 68++)67)( /-0-7 2* 7,) '2() %7
7,) 35)6)17 7-0)� #) %//2:)( 7,) '2() 72 86) 7,) '5-7)5-% %1( 9%5-)( 7,) 0%;-080 180&)5 2* 3%1)/6
%//2:)( &)7:))1 �	� �	� %1( 
		� �-+85)�

 6,2:6 3%57 2* 7,) 5)68/76 6,2:-1+ 7,%7 7,) 32:)5 /)9)/
35)(-'7-216 :)5) -()17-'%/ %7 %// 7,5)) (-**)5)17 /)9)/6�  ,-6 :%6 %/62 7,) '%6) *25 %// 27,)5 -1/)7 %1(
%*7 ,%5021-'6 7,528+, �����

#) %/62 /22.)( %7 7,) 8167)%(< 35)6685) (-675-&87-216 21 7,) '%6'%() %1( *281( 7,%7 7,)< :)5)
&)+-11-1+ 72 6,2: 6-+16 2* -167%&-/-7< %6 �	 3%1)/6 :%6 %3352%',)(� #) %77)037)( 72 '255)'7 7,-6
352&/)0 &< ',%1+-1+ 7,) '219)5+)1') '5-7)5-21 -1 7,) .)51)/ *81'7-21 2* 7,) 35)6685) '%/'8/%7-21� #)
()'-()( 72 9%5< 7,) )5525 7)50 :,-', '21752/6 '219)5+)1') *520 % 9%/8) 2* 
	� 72 % 9%/8) 2* 
	�
��
�)68/76 *25 7,) *-567 ,%5021-' %5) 6,2:1 -1 �-+85)�
�� :,)5) :) 127-')( 12 ',%1+)6 -1 7,) *-1%/ 32:)5
/)9)/6 352(8')( &<  �%��� �7,)5 ,%5021-'6 352(8')( 6-0-/%5 5)68/76�

�1) *-1%/ 5)68/7 :%6 7,%7 7,) %02817 2* 7-0) 7,%7 -7 7%.)6 ��!����� 72 581 :,)1 -7 -6 86-1+ 7,)
'5-7)5-% -6 /)66 7,%1 7,) 7-0) -6 7%.)6 72 581 :,)1 7,) 86)5 ',226)6 7,) 180&)5 2* 3%1)/6 1)')66%5<�
��!����� 5%1 %3352;-0%7)/< 
 ,285 %1( 
	 0-187)6 *%67)5 *25 7,) 
� 63))( 581 7,%7 352(8')(
�-+85)�
	� :,)1 7,) '5-7)5-% :)5) 86)(� 29)5 :,)1 �� 3%1)/6 :)5) 86)( *25 7,) 52725 %1( 67%725�  ,)6)
7-0)6 %5) *25 % �81 ����� 67%7-21 �	�

I.5 CONCLUSIONS & RECOMMENDATIONS

�1 7,) 3%67� ��!�����1))()( 72 &) 581 *25 % 5%1+) 2* 3%1)/6 72 ()'-():,%7 7,) %335235-%7) 180&)5
2* 3%1)/6 :%6 *25 % 6-1+/) 7)67 '%6)� $285 21/< 237-21 :%6 72 3-'. % ')57%-1 180&)5 2* 3%1)/6 7,%7 :28/(
&) %33/-)( 72 7,) 67%725 %1( 7,) 52725 �7:2 727%//< (-**)5)17 )19-5210)176� *25 )9)5< 5%(-86 %1( )9)5<
,%5021-'� �2::-7, 7,) '5)%7-21 2* 7,) 52725 '5-7)5-21� -7 -6 3266-&/) 72 581 ��!�����21/< 21') %1(
7,) '2() :-// 3-'. 7,) '255)'7 180&)5 2* 3%1)/6 *25 7,) 67%725 %1( 7,) 52725 %7 )%', 5%(-86 *25 )%',
,%5021-'�

�%6)( 21 7,) 5)68/76 :) 2&7%-1)( -1 7,-6 678(<� 7,)5) -6 % +22( ()%/ 2* '21*-()1') -1 7,) '5-7)5-%
()9)/23)(� �25) 7)67-1+ 1))(6 72 &) (21) 72 +)7 % *))/ 2* ,2: 7,) 5)68/76 &),%9) *25 '%6)6 27,)5 7,%1
7,) 21) :) 7)67)(� �1 %((-7-21 7,)5) %5) 6)9)5%/ 7,-1+6 7,%7 :28/( 0%.) 6)16) 72 (2 -1 7,) *8785)�


  ,) 67%725 '5-7)5-% 6,28/( &) ',%1+)( 62 7,%7 -7 -1'/8()6 7,) =0%;-080 �01� '5-7)5-21�

� �1 -19)67-+%7-21 2* :,< 7,) =0%; �01� '5-7)5-21 :25.6 0-+,7 /)%( 72 % &)77)5 '5-7)5-21 :,-',
:28/( 35)(-'7 % &)77)5 180&)5 2* 3%1)/6�

� �81 7,) �0-7, '2() *25 % '%6) 7,%7 '%86)6 7,) 35)6685) (-675-&87-21 -1 "	�� 72 +-9) 8167%&/)
5)68/76 %1( 6)) ,2: 7,) �0-7, '2() &),%9)6�

 �81 7,) ��� 5-+ '21*-+85%7-21 %1( 6)) -* 7,) 35)(-'7-216 %5) %'')37%&/)�

�  5< 5811-1+��!����� 6)77-1+ 7,) 180&)5 2* 3%1)/6 21 7,) 52725 72 �	 %1( 
		 %1( 6)) ,2:
7,) 35)(-'7-21 ',%1+)6� �7 0%< &) 3266-&/) 72 -1'5)%6) 7,) 0%;-080 180&)5 2* 3%1)/6�

�  5< 5811-1+ ��!�����83 72 ��� %1( ���� 5%7,)5 7,%1 ����:,-', -6 :,%7 7,) %6680)(
/-0-76 2* 7,) '2() %5) %7 7,-6 7-0)� �1 25()5 72 (2 7,-6� 7,) 0%;-080 180&)5 2* 3%1)/6 :28/(
,%9) 72 &) 5%-6)(�

� �2(-*< �0-7,�"	�� 72 5)(8') -167%&-/-7< %7 ,-+, *5)48)1'-)6
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LIST OF SYMBOLS FOR APPENDIX I

����������

�* � *','* +,�  �* �& $� %��+-*�� *�$�,".� ,' ,!� �0"�$ �"*��,"'&
� � �!'*� '� ��+���� �'* /!"�! ,!� (*�++-*� �"+,*"�-,"'& "+ ��"& ��$�-$�,��
� � &-%��* '� �$���+
��� � �$��� (�++"& �*�)-�&�1
�	 � -(+,*��% (*�++-*� /�.� �0"�$ /�.�&-%��*
�
 � �'/&+,*��% (*�++-*� /�.� �0"�$ /�.�&-%��*
# � �& "&,� �*� �� � # � ��� /!�& % � &� � #� �+,�,'*�� !�*%'&"� '� ���

/!�& % � �&� � #� �*','*�
�%& � ���"&�� "& �)-�,"'&� ��� �'* +,�,'* �&� �)-�,"'&� �	
� �'* *','*
�	 � -(+,*��%  '"& (*�++-*� /�.� *��-��� �*�)-�&�1 "& �!'*�/"+� �"*��,"'&
�
 � �'/&+,*��%  '"& (*�++-*� /�.� *��-��� �*�)-�&�1 "& �!'*�/"+� �"*��,"'&
�� � .'*,"�",1 /�.� *��-��� �*�)-�&�1
% � �"*�-%��*�&,"�$ %'�� '*��* /!�*� % "+ ('+",".� "& ,!� �"*��,"'& '� *','* *',�,"'& �'* +,�,'*

��$�-$�,"'&� % "+ ('+",".� '(('+",� ,!� �"*��,"'& '� *','* *',�,"'& �'* *','* ��$�-$�,"'&
��0"�$ � �0"�$ ���! &-%��*
�** � ���! &-%��* *�$�,".� ,' ,!� *','*
�+/"*$ � +/"*$ ���! &-%��*
�� � *',�,"'&�$ ���! &-%��*
& � !�*%'&"� '� ��� /!�& % � &� � #� �+,�,'*�� �& "&,� �*� �� � # � ���

/!�& % � �&� � #� �*','*�
�	� � �'**��,�� *',�,"'&�$ +(��� "& *(%
��!'*� � &-%��* '� �!'*�/"+� "&,� *�,"'& +,�,"'&+ �!'+�& �1 ,!� �*",�*"�
�%�0 � �& "&,� �*� �� � # � ��� ���� % � ��%�0� � #� /!�*� �%& "+ %�0"%-%
�('"&,+ � &-%��* '� "&,� *�,"'& +,�,"'&+ (�* /�.�$�& ,!
�� � +,�,'* +,�  �* �& $� %��+-*�� *�$�,".� ,' ,!� �0"�$ �"*��,"'&
* � *��"-+
� � %��& ��&+",1
- � %��& .�$'�",1
� � &-%��* '� .�&�+
��� � .�&� (�++"& �*�)-�&�1
� � *',�,"'&�$ �*�)-�&�1 "& *���+
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